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Siliconix Analog Switch 
& IC Product Data Book 
January 1982 


Siliconix incorporated reserves the right to make changes in the 
circuitry or specifications at any time without notice and assumes no 
responsibility for the use of any circuits described herein and makes 
no representations that they are free from patent infringement. 


©1982 Siliconix incorporated 
Printed in U.S.A. 
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About This Edition of the 
Siliconix Integrated Circuit Catalog 


This Data Manual combines three previous publications: The Analog Switch, LSI 
and Telecommunications Data Books. 


For Integrated Circuit Cross Referencing and Substitution, see the current issues of 
the Siliconix Short Form or OEM Pricing Guides. 


NEW PRODUCT DATA SHEETS APPEARING FOR THE FIRST TIME 


D169 

DF328 

DG200A 

DG201A 

DG202 

DG212 

DG243 
DG300A-DG307A 
DG381A-DG390A 
DG309 
DG5040-DG5045 
DG506A/DG507A 
DG508A/DG509A 
DG528/DG529 


Dual Level Shifter Driver 

Loop Disconnect Dialer, Push Button Activated 
PLUS-40 CMOS Dual SPST Analog Switch 
PLUS-40 CMOS Quad SPST Analog Switch 
PLUS-40 CMOS Quad SPST Analog Switch 
PLUS-40 CMOS Quad SPST Analog Switch 
PLUS-40 CMOS Dual SPDT Analog Switch 
PLUS-40 CMOS Family of Analog Switches 
PLUS-40 CMOS Family of Analog Switches 
PLUS-40 CMOS Quad SPST Analog Switch 
PLUS-40 CMOS Family of Analog Switches 
PLUS-40 CMOS 16-Channel Analog Multiplexer 
PLUS-40 CMOS 8-Channel Analog Multiplexer 
PLUS-40 CMOS 8-Channel Latchable Analog Multiplexer 


Si1525/27B, Si2525/27B, Si3525/27B Regulating Pulse Width Modulators 


DATA SHEETS NO LONGER INCLUDED 


DGM111 

DGM122 
DF331A/DF332A/DF334A 
DF341/DF342 
LD111/LD114 

LD130 

SM310 


Notes: 1. Contact factory on availability. 
2. Obsolete product. 


Dual PMOS SPST Switch— Note 1 

Dual PMOS DPST Switch— Note 1 

p-Law Companding CODEC — Note 1 

A-Law Companding CODEC — Note 1 

3%-Digit Serial Output A/D Converter Set — Note 2 

3-Digit Integrating A/D Converter — Note 2 

SMOKE Detector Battery Operated, Piezo Horn Drive — Note 1 
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Device Ordering Information 


DG 187 A P /883 
DG 303 B P —4 
DG 506 C J 


ay gu Process Option 


DEVICE FAMILY 


(1, 2 or 3 Letters) 
D — Drivers for FET Switches 
DF — Digital Function 


DG -— Analog Switches 
DGM — Analog Switches 


G = — Multi-Channel FETs 

L — Linear 

LD — Linear Digital Combinations 
Si — Siliconix Second Source Part 


SJM — OPL Listed Part 


DEVICE NUMBER 
(3 or 4 Digit Numbers) 


OPERATING TEMPERATURE RANGE 
(1 Letter) 


A— —55 to 125°C 

B — -—20 to 85°C 

C — Oto 70°C 

D — —40 to 85°C (Applies to Telecom Products only) 


B temperature range parts receive industrial processing unless 
a process option dash number is added to the part number. 


C and D temperature range parts are given commercial 
processing. 


All possible combinations of device types, temperature 
ranges, package types and MIL-883 process options are not 
necessarily available. Consult individual data book pages for 
complete information, or sales office. 


Siliconix 


Package 
Operating Temperature Range 


Device Number 


Device Family 


PACKAGE 
(1 Letter) 


A — Metal Can 

J — Dual In-Line Package — Plastic 

K — Dual In-Line Package — CERDIP 

L — Flat Package 

P — Dual In-Line Package — Side Braze 
R — Dual In-Line Package— Side Braze 


PROCESS OPTION 


/883 MIL-STD-883, Class B 
—4 160 Hour Burn-in 
BS9000 Series 


0-9 
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Process Option Flow Chart 


Process Option Flow Chart 


The Process Option Flow Chart shows the standard screening options 
provided by Siliconix for Integrated Circuits 


Column 1: Denotes the screening process for MIL-883, Class B. To order a part screened to this option, add a ‘‘/883”’ 
following the package suffix letter. If Group B or C Quality Conformance is also required, call out as a 
separate line item. Parts in this classification are carried in inventory. 


Column 2: ls the screening procedure for military grade standard products (‘‘A’’ temperature suffix). 
Column 3: ls the normal screening procedure for industrial and commercial grade products (B and C temperature suf- 


fixes). An industrial and commercial grade product (B and C temperature range) may be given a 160 hour 
burn-in at 125 C by adding a Dash 4 (—4) following the package suffix letter. 


0-10 Siliconix 


Process Option Flow Chart 


MIL-STD-883B 
METHOD 5004 
Class B 


Preseal Inspection 
Method 2010 
Condition B 


woo, 


Stabilization Bake 
Method 1008, Cond. C 
150°C, 24 Hours 


woo 


| 

Temperature Cycle 
| Method 1010, Cond. C 
-65°C to +150°C 
| 10 Cycles 


Woo 


Centrifuge 
Method 2001, Cond. E 
30,000G Y1 Axis 


Woo ~ 


Hermeticity (Fine Leak) 
Method 1014, Cond. Aor B 
<5x 10-8 cc/sec 


Woo™~ 


Hermeticity (Gross Leak) 
Method 1014, Cond. C 


| | Electrical Test 


Per Data Sheet 
| lise 25°C | 5 


Woo 
ae ee ee 


Burn-in 
Method 1015 
125°C, 160 Hours 


Wow 


| [ Electrical Test 
Per Data Sheet 
| | 100% at 25°C 


(ee Se 


Quality Conformance 
Group A* 


Method 5005 


Woo 


External Visual 
Method 2009** 
100% 


woo 


(A Temperature Suffix) 


Preseal Inspection 
Method 2010 
Condition B 


woo 


Stabilization Bake 


Method 1008, Cond. C 
150°C, 24 Hours 


Woo-— 


Temperature Cycle 
Method 1010, Cond. C 
-65°C to +150°C 

10 Cycles 


wow 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


| 
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Method 2001, Cond. E 8 
| 30,000G Y1 Axis | 8 


ca TER yc mung a 
x! 


Hermeticity (Fine Leak) 
Method 1014, Cond. Aor B 
<5 x 1078 ce/sec 


woo 


Hermeticity (Gross Leak) 
Method 1014, Cond. C 


Wo oO — 


| [Final Electrical Test 


| | 100% Per Data Sheet | | 
eee 


I Quality Conformance 
Electrical Test 
Per Data Sheet 


1.5% AQL 
A astea py 2 SENS 


| 
| 
| 


erga 
| 
4 


| External Visual 
| Method 2009** 


Wwnoo-— 


2.5% AQL 


*Group B and C tests done to customer order on /883 parts 


T INDUSTRIAL/COMMERCIAL ! 


| (B-C Temperature Suffix) and 
—4 (Burned-in) 


Present Inspection 
| | Siliconix Industrial | x 
Specifications 


nite Soa Laat 


Hermeticity (Gross Leak) 
(Non-Plastic Only) 
Method 1014, Cond. C 


won 


Burn-in 
125°C, 160 Hours 
(-4 Only) 


| [Final a RO Test hay. =a] 


| | 100% Per Data Sheet 


— eee eae 


Tuality Conformance ] 
Electrical Test 
Per Data Sheet | 5 


| | 1.5% AQL | 


External Visual 
| 2.5% AQL ‘ Bs 
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**Physical Dimensions Excluded 
The latest revision of MIL-STD-883 is applicable 
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JAN 38510 Analog Switches 


JAN 38510 Analog Switches 


“Several Siliconix Analog Switches are available fully certified on the QPL (Qualified Parts List) published monthly by 
Defense Electronics Supply Center (DESC). The QPL numbers follow this format JM38510/XXXXX. Refer to the current 
Siliconix Price List for available part types and order numbers.” 


JAN Part Numbering System 


J M38510 /111 07 BEC 


“JAN” Certification Mark 


Military Designator 
Detail Specification (Slash Sheet) 


/111—DG181 Series 
/116— DG300 Series 
/123—DG200 Series 


Device Type 


05— DG187 


Lead Finish 
A—Solder dip 
B— Bright tin plate 
C—Gold plate 


Case Outline 
C— 14 Lead side braze 
E—16 Lead side braze 


01—DG181 |I—10 Lead can 


0-12 


02— DG182 
03— DG184 
04— DG185 


/114 
01— DG300 


116 02— DG301 


06 — DG188 
07—DG190 
08— DG191 


05— DG304 
06— DG305 
03— DG302 07 — DG306 
04— DG303 08 — DG307 


03—DG200 
M23) 94—pG201 


S—Class S$ 
B—Class B 
C—Class C 


Order Part Number Generic Part Number 


JM38510/11101BCC 
JM38510/11101BIC 
JM38510/11102BCC 
JM38510/11102BIC 
JM38510/11103BEC 
JM38510/11104BEC 
JM38510/11105BCC 
JM38510/11105BIC 
JM38510/11106BCC 
JM38510/11106BIC 
JM38510/11107BEC 
JM38510/11108BEC 
JM38510/11601BCC 
JM38510/11601BIC 
JM38510/11602BCC 
JM38510/11602BIC 
JM38510/11603BCC 
JM38510/11604BCC 
JM38510/11605BCC 
JM38510/11605BIC 
JM38510/11606BCC 
JM38510/11606BIC 
JM38510/11607BCC 
JM38510/11608BCC 
JM38510/12303BCC 
JM38510/12303BIC 
JM38510/12304BEC 


SJM181BCC 
SJM181BIC 
SJM182BCC 
SJM182BIC 
SJM184BEC 
SJM185BEC 
SJM187BCC 
SJM187BIC 
SJM188BCC 
SJM188BIC 
SJM190BEC 
SJM191BEC 
SJM300BCC 
SJM300BIC 
SJM301BCC 
SJM301BIC 
SJM302BCC 
SJM303BCC 
SJM304BCC 
SJM304BIC 
SJM305BCC 
SJM305BIC 
SJM306BCC 
SJM307BCC 
SJM200BCC 
SJM200BIC 
SJM201BEC 


Siliconix 


DG181AP/883 
DG181AA/883 
DG182AP/883 
DG182AA/883 
DG184AP/883 
DG185AP/883 
DG187AP/883 
DG187AA/883 
DG188AP/883 
DG188AA/883 
DG190AP/883 
DG191AP/883 
DG300AP/883 
DG300AA/883 
DG301AP/883 
DG301AA/883 
DG302AP/883 
DG303AP/883 
DG304AP/883 
DG304AA/883 
DG305AP/883 
DG305AA/883 
DG306AP/883 
DG307AP/883 
DG200AP/883 
DG200AA/883 
DG201AP/883 


JM38510/883 Process Option 
Flow Chart 


Class B Class C 


Class S 


Visual Inspection 
Method 2010 
Condition A 


Visual Inspection 
Method 2010 
Condition B 


Visual Inspection 
Method 2010 
Condition B 


Stabilization Bake 
Method 1008 
24 Hours 


Stabilization Bake 
Method 1008 
24 Hours 


Stabilization Bake 
Method 1008 
24 Hours 


Temperature Cycle 
Method 1010 


Temperature Cycle 
Method 1010 


Temperature Cycle 
Method 1010 


Constant Acceleration 
Method 2001 
Condition E 


Constant Acceleration 
Method 2001 
Condition E 


Constant Acceleration 
Method 2001 
Condition E 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Gross 
Method 1014 
Condition C 


Hermeticity Gross 
Method 1014 
Condition C 


Hermeticity Gross 
Method 1014 
Condition C 


P.I.N.D 
Method 2020 
Condition A or B 


Electrical Test 
Data Sheet 


Electrical Test 
Data Sheet 


Electrical Test 
Data Sheet 


Burn In 
Method 1015 
160 Hours, 125°C 


Burn In 
Method 1015 
240 Hours, 125°C 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Gross 
Method 1014 
Condition C 


Electrical Test 
Data Sheet 


Electrical Test 
Data Sheet 


Radiographic 
Method 2012 
Two Views 


Quality Conformance 
Group A, B,C, and D 


Quality Conformance 
Group A,B,C, and D 


Quality Conformance 
Group A, B,C, and D 
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BS9000 Approved Analog Switches 


Siliconix is the first company to receive BS9000 approval for Analog Switch Devices. The advantages of such approval are: 


e A controlled inspection is known to the customer, so reduces the customer’s needs 


for Goods Inwards Inspection 
e A more consistent quality of product 
e Easier interchangeability of suppliers 


e A product of known quality levels with, in general, a minimal increase in costs 


It is the policy of the UK government to encourage the growth of the BS9000 scheme for the benefit of both government and 
industry. All the Siliconix BS9000-Approved parts are included in the British Ministry of Defence Preferred Range defined in 
DEF-STAN 56/36 and as such are first choice components for use in UK defense equipment. Under STANAG 4093 they carry 
approved status with other NATO member nations. 


Interpretation of Ordering Information 


DGXXX 


X 


X 


ile Screening Level 


BS9000 Approval 
Package 
Temperature Range 


Device Number 


Key 
Temperature Range 
A — 55°C to 125°C 
B — 20°C to 85°C 
Package 
A Metal Can 
id Flatpack 
P,R Dual-In-Line 
Screening Level 
(Blank) Full Assessment 
Screening Level S1 
Screening Level S2 
Screening Level S3 
Screening Level S4 


Siliconix 


0-15 


$$1Dq peaoiddy 0006S 


uo!PNposLU] . 


wi 
9 
‘ BS9000 Approved Analog Switches 
: (Cont'd) 
= 
i) 
8 Bee ates BS DETAIL SPECIFICATION Awaiting Approval* 
i. DG126 9491-F-0814 to 9491-F-0831 Serer 
fe DG129 9491-F-0832 to 9491-F-0849 DG281/ /BS 
< DG133 9491-F-0850 to 9491-F-0867 hres ise 
ron DG287/ /BS 
es DG134 9491-F-0868 to 9491-F-0885 DG290/ /BS 
=) DG139 9491-F-0886 to 9491-F-0903 DG300/  _/BS 
HA DG140 9491-F-1030 to 9491-F-1038 reid ah 
fee] DG141 9491-F-1039 to 9491-F-1056 a note 
DG142 9491-F-0904 to 9491-F-0921 DG304/ /BS 
DG143 9491-F-0922 to 9491-F-0939 DG305/ /BS 
DG144 9491-F-0940 to 9491-F-0957 DG306/ /BS 
DG145 9491-F-1084 to 9491-F-1092 made en 
DG146 9491-F-1093 to 9491-F-1110 DG384/  /BS 
DG151 9491-F-1057 to 9491-F-1074 DG387/  /BS 
DG152 9491-F-0958 to 9491-F-0975 Oe aE 
DG153 9491-F-1075 to 9491-F-1083 
DG154 9491-F-0976 to 9491-F-0993 *Contact one of the 
DG161 9491-F-1111 to 9491-F-1128 Siliconix Sales Offices 
DG162 9491-F-0994 to 9491-F-1011 fontatest Informa 
DG163 9491-F-1129 to 9491-F-1137 
DG164 9491-F-1012 to 9491-F-1029 
DG180 9491-F-0688 to 9491-F-0714 
DG181 9491-F-0508 to 9491-F-0534 
DG182 9491-F-0535 to 9491-F-0561 
DG183 9491-F-0733 to 9491-F-0750 
DG184 9491-F-0562 to 9491-F-0579 
DG185 9491-F-0580 to 9491-F-0597 
DG186 9491-F-0751 to 9491-F-0777 
DG187 9491-F-0598 to 9491-F-0624 
DG188 9491-F-0625 to 9491-F-0651 
DG189 9491-F-0715 to 9491-F-0732 
DG190 9491-F-0652 to 9491-F-0669 
DG191 9491-F-0670 to 9491-F-0687 
DG200 9491-F-0778 to 9491-F-0804 
DG201 9491-F-0805 to 9491-F-0813 
DG501 9491-F-1138 to 9491-F-1146 
DG503 9491-F-1147 to 9491-F-1155 
DG506 9491-F-1165 to 9491-F-1173 
DG507 9491-F-1174 to 9491-F-1182 
DG508 9491-F-1183 to 9491-F-1191 
DG509 9491-F-1192 to 9491-F-1200 
S13705 9491-F-1156 to 9491-F-1164 


Specifications are being raised for additional parts to BS9000, which will be qualified during the currency of this 
catalogue. For approval status and copies of the detail specifications for the products approved (or in course of qualifi- 
cation approval) please contact Siliconix Ltd., Morriston, Swansea SA6 6NE. Telephone (0792) 74681, Telex: 48197. 
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BS9000 Series Process Option 
Flow Chart 


CATEGORY S2 
SCREENING 
LEVELB 


CATEGORY S1 
SCREENING 
LEVELA 


CATEGORY S3 
SCREENING 
LEVELC 


CATEGORY S4 
SCREENING 
LEVELD 


FULL 
ASSESSMENT 
LEVEL 


Pre-Cap Inspection 
BS9400 1.2.10 
Level A 


Pre-Cap Inspection 
BS9400 1.2.10 
Level B 


Pre-Cap Inspection 
BS9400 1.2.10 
Level B 


High Temperature 
Storage 

BS9400 1.2.6.3 
150°C for 24 Hours 


High Temperature 
Storage 

BS9400 1.2.6.3 
150°C for 24 Hours 


High Temperature 
Storage 

BS9400 1.2.6.3 
150°C for 24 Hours 


Rapid Change of 
Temperature 

Liquid Immersion 
BS9400 1.2.6.19 


Rapid Change of Rapid Change of Rapid Change of 


Temperature Temperature Temperature 
BS9400 1.2.6.13 8S9400 1.2.6.13 BS9400 1.2.6.13 
10 Cycles 10 Cycles 10 Cycles 


65°C to 150°C 65°C to 150°C -65°C to 150°C 


Shock at 
14 700 m/s? 
BS9400 1.2.6.6 


Acceleration 
Steady State 
BS9400 1.2.6.9 
296 000 m/s” 
in Direction Y1 


Acceleration 
Steady State 
BS9400 1.2.6.9 
296 000 m/s” 

in Direction Y1 


Acceleration 
Steady State 
BS9400 1.2.6.9 

296 000 m/s? 

in Directions Y1, Y2 


Fine and Gross Fine and Gross 
Leak Tests Leak Tests 
BS9400 BS9400 
1.2.6.14 (1), (2) 1.2.6.14 (1), (2) 


Fine and Gross 
Leak Tests 
BS9400 
1.2.6.14 (1), (2) 


Electrical Tests at 
25°C as Subgroup 
A3 (a) of the 
Specification 


Electrical Tests at 
25°C as Subgroup 
A3 (a) of the 

Specification 


Electrical Tests at 
25°C as Subgroup 
A3 (a) of the 

Specification 


Electrical Tests at 
25°C as Subgroup 
A3 (a) of the 

Specification 


Burn-in Screen Burn-in Screen 
BS9400 1.2.7.2.1 BS9400 1.2.7.2.1 
168 Hour Minimum 168 Hour Minimum 
at 125°C at 125°C 


Burn-in Screen 
8S9400 1.2.7.2.1 

240 Hour Minimum 
at 125°C 


Electrical Tests at 
25°C as Subgroup 
A3 (a) of the 
Specification 


Burn-in Screen 
Reverse Bias 
BS9400 1.2.7.2.1 
72 Hours Minimum 
at 150°C 


Final Electrical Final Electrical Final Electrical Final Electrical Final Electrical 


Tests at 25°C Tests at 25°C Tests at 25°C Tests at 25°C Tests at 25°C 
as Subgroup as Subgroup as Subgroup as Subgroup as Subgroup 
A3 (a) of the A3 (a) of the A3 (a) of the A3 (a) of the A3 (a) of the 


Specification Specification Specification Specification Specification 


Radiographic Tests 


Groups 
A,B,C and D 
Inspection 


Groups 
A,B,C and D 
Inspection 


INSPECTION REQUIREMENTS: All tests to be conducted at Tz, = 25°C unless otherwise specified. Samples submitted to tests marked ‘D’ shall not be accepted for release under BS9000 (see 2.6.5 of 

BS9000 Part |). 

Flow chart for 100% screening test procedures (see also Inspection Requirements). Production batches containing greater than 10% defective units subsequent to Burn-in will not be issued for release. 

The following acceptance/rejection criteria apply to the electrical tests after Burn-in for screening levels A, B and D. 

(a) Lots exhibiting greater than 20% defectives shall be rejected. 

(b) Lots exhibiting less than 10% defectives shall be accepted. 

(c) Lots exhibiting between 10% and 20% defectives (inclusive) shall have the defectives removed and the remainder of the lot subjected to an identical Burn-in. If such a Lot then exhibits greater than 5% 
defectives is shall be rejected. 

Radiographic tests. Each device shall be examined, for extraneous matter and assembly defects, 


in the X and Y directions. 
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INTERFACE 


DECODERS/DISPLAY DRIVERS 


Title Page 


DF412 Decodes Four Digit Multiplexed BCD to LCD Display Driver/Decodes up to 4 digits of mul- 1-1 
tiplexed BCD information and derives the AC signals needed to drive a 4 digit LCD display. 
Any digit can be blanked as required. 


LEVEL SHIFTERS 


Channels Input Load Output Drive ton/torr 

D123 6 1 mA/1 pA ON—5 mA Sink, OFF—Block 30 V  500/1500ns 1-8 
1.0 V/0.4 V 

D125 6 —0.7 mA/+1 pA ON—5 mA Sink, OFF—Block 30 V  500/1500ns 1-10 
0 V/4.6 V 

D129 4 —0.2mA/+.25uA ON—10mA Sink, OFF—Block50V  300/1500ns 1-12 

0V/5V 

D139 2 — 500 vA/ +10 uA 30 V p-p @ 10 mA 170/200 ns 1-14 
0V/+5V 

D169 2 — 100 pA/ +5 pA 33 V p-p @ 40 mA 70-110 ns 1-20 
0V/+3V 


Stresses listed under “Absolute Maximum Ratings” may be applied (one at a time) to devices without resulting in 
permanent damage. This is a stress rating only and not subject to production testing. Exposure to absolute 
maximum rating conditions for extended periods may effect device reliability. 


Ds 


Siliconix 


Four Digit LCD Decoder Driver 


designed for... BENEFITS 


éLvid 


e ° ° e Reduces Complexity of Driving LCD Displays 
a Driving Liquid Crystal Displays Blanking of any Digit with Input Code of 
Directly 1111 

; @ Only 1 Package Required to Drive Up to a 

4 Digit Display 
@ Minimal Power Consumption 

O Typically 1.5 mW 
O Operates over 3.5 to 6.0 V supply 
Interfaces Readily with Most Logic Families 
No External Oscillator Required 
No Display Buffering Required 
Easy Multiple Driver Interfacing 
Eliminates DC Bias Levels That Degrade 
Display Lifetime 
The DF412 Four Digit LCD Decoder Driver is a CMOS Monolithic device employing multiplexed BCD to LCD Decoding. 
A single DF412 contains all of the circuitry needed to decode up to 4 digits of multiplexed BCD information and derive the 
AC signals needed to directly drive a 4 digit LCD display. Included is the decoding of BCD input 1111 to blank a digit. 


DESCRIPTION 


An internal oscillator, its frequency being controlled by an external capacitor, develops a backplane (BP) signal that 
is a square wave swinging between ground (Vss) and the positive supply (Vpp). Segment drivers supply square waves of 
the same frequency as the backplane but either in phase for an OFF segment or out of phase for an ON segment. In this 
manner of LCD digit driving the net DC potential applied between segment and backplane is zero, a necessary requirement 
for long display life. Digital input levels are defined as input voltages > 4 V being a logic ‘’1”’ and input voltages < 0.8 V 
being a logic ‘“‘O” with Vpp = 5 V. 


BCD input data is decoded into 7 segment form using an on board ROM. The 7 segment data is then latched into the 
appropriate static latches via the digit strobe inputs and control logic. 


S2DjioLU] - 


The pinout of the DF412 allows easy PC board interfaces to Dual-In-Line LCDs as well as edge connecting types of displays. 


FUNCTIONAL BLOCK DIAGRAM 


PIN CONFIGURATION 


Dual-In-Line Package 


STATIC 
LATCH (7) 


L 
EN 


STATIC 
ATCH (7) 


BCD TO7 
SEGMENT ROM 


EN 


a4 — 94 


INHIBIT 
LOADING 


TOP VIEW 
Vpp COMMON TO SUBSTRATE 


ORDER NUMBER DF412CJ 
SEE PACKAGE 22 
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ABSOLUTE MAXIMUM RATINGS 


ge, is Sk yet sak Naropa Sheets —0.3Vto8V Storage Temperature... 55.5 . «cee GU 
VoltageronmAny Pin ....... « Vsg—0.3 V toVpp + 0.3 V Power Dissipation (Package)* .... .. . sm... «seen 450 mW 
Current atiAny Pine. 25 toe dies 3) chon 3 ee SR eR ee 10 mA *Device mounted with all leads welded or soldered to PC board. 
Operating 1 emperature ..ia -e ly ou ae es eee Derate 6.3 mW/°C above 25°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters to assure conformance with specifications. 


Limits Test Conditions 
Characteristic Unit Vpp =5V, Ta = 25°C 
p! Vss = 0 V, Cosc = 200 pF 
Digital Inputs 
uA Vin=5V 
Vin=OV 
V 


Leakage Currents 

BCD and DS Inputs 
Clock Input 
BCD and DS Inputs 
Clock Input 

0.7 lot = 250 uA 

0.7 
| OH = —5mA 
10H =—0.5 mA 


CLOAD = 200 pF 


= 
< 


= a4 5/e sted slo 
~w WO} IN Ww 


oO 


Iiny (Digits) 


350 
—350 


Oscillator Input 
Current 


lin (Foik) 


Digital Inputs 
Logic Low Voltage 


} 


Digital Inputs 
Logic High Voltage 


al 
2 Z 
z = 


oO} | oly 
pay 


Oo} 
BSS 
oa 


Segment Output 
Voltage in ’’0”’ State 


VoL (Segments) 003 


Segment Output 3 


t 
VOR Seana) Voltage in ‘’1’’ State 


Backplane Output 


V kpl 
aE EIS, Voltage in ‘’0’’ State 


0.03 


Backplane Output 4.3 


V kpl 
On \Pecepiene] Voltage in ‘’1’’ State 


4.97 


Segment Output 


15 t t 
peomenis) Rise Time 


t¢ (Segments) Segment Output 


_ 
cop) 


LA 
NOTES: 


M _- 
1. Typical values are for Design Aid Only, and are not guaranteed nor subject to production testing. 


2. Operation over the supply voltage range is functionally tested. DC and AC parametric testing is performed only at specified test 
conditions. 


155 


ol 
=| 


Operating Supply 
Voltage Note 2 


23 Vpp Range 


. Fall Time | ae 
Y i 
Backplane Output 
17 t kp! 
nN | tr (Backplane) Rise Time gi team 
: - CLOAD = 3900 pF 
* Backplane Output 
18 t kpl 
; ¢ (Backplane) Fall Time eo ee 
. 
Min 
= 4 ey Cosc = 3800 pF 
Frequency Max 
20 Fep2 mas a 
kala 


21 8 Ipp (Digital Inputs Static) Supply Current 
22} U | Ippo (Digital Inputs Dynamic) Supply Current 
P 
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TRUTH TABLE TIMING WAVEFORMS AND DEFINITIONS 


clLpid 


Bz Bp By Bo| DISPLAY CHARACTER DIGIT NEXT PULSE 
STROBE INPUT FOR SAME 


DIGIT STROBE 


rea VALID BCD D Y pen 
DATA INPUT ATAMINOOW CARE 


jo) 
j=) 
oO 


Recommended Drive Conditions* Pe Min dit) 


tcp Clock Period 


0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


ast es © © OO Or — t= =.= Oo” © 
3 i Cn Ope) Cot ats CC) Cee Sea) 
20 =. OF SO 4 OF 3920s FO, = CO. =O 


*These minimum/maximum conditions indicate the necessary conditions to insure 
operation. They are based on design structure (shown in Figure 8a) with sufficient 
guardband to allow for propagation delay changes. They are not tested nor 
guaranteed. 

** The min-max clock periods correspond to a 30 Hz—100 Hz LCD backplane 
frequency range. 


Figure 1 


TEST CIRCUITS 


ALL SEGMENT DRIVERS TIED 
THROUGH 200 pF TO GND 


TOGGLE Drew 
FLIP-FLOP 


ALL SEGMENTS 
OPEN 


Oo 2DpsoLU] = 


O 
BACKPLANE Qg O41 Oz O3 04 Os 


OPEN OCTAL 
COUNTER 
CD4022 


CK R 


Static Supply Current Test Setup Dynamic Supply Current Test Setup 
Figure 2 Figure 3 


INPUT-OUTPUT SCHEMATICS 


Input Structure Output Structure 


Vpp 
INPUT 


(BCD, DS) ll 
{of OUTPUT 


Vpp 
SUBSTRATE = 
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TYPICAL CHARACTERISTICS 


Backplane Frequency Vs. Input Threshold Vs. Supply Current Vs. 
Cosc Vs. Vpp Positive Supply Voltage Temperature 


A\ Teale 
Lon cL TeaMeara = 200 pF 
L LPs \)) C, (BACKPLANE) = 3900 pF 


N 
N 
o 


nN 
= 
Oo 


X\ 


ae 
si 


N 
So 
oO 


N 
; 
Ni 
K 
N 
N 
a 


ai NORMAL LCD 


ae Fa [=> 
74 
Ao S& C7 A 
orb bear RTE 


NAN 

wo 
-~ 
o 
o 


a 
eo 
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(ALSO fogc = 512) 


= 
~ 


Ipp SUPPLY CURRENT (1A) 


fgp BACKPLANE FREQUENCY (Hz) 


— 
a 
Oo 


VtH INPUT THRESHOLD VOLTAGE (VOLTS) 
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2K 4K 7 


Cosc OSCILLATOR CAPACITOR (pF) Vpp POSITIVE SUPPLY VOLTAGE (VOLTS) T TEMPERATURE ( C) 
(TO GROUND) 


Figure 4 Figure 5 Figure 6 


TYPICAL WAVEFORMS 


OSCILLATOR 
CLOCK 
Vpp— i 
| 256 CLOCK be 256 CLOCK | it | 
SEL ANE CYCEESHIm CYCLES 
Vss 


Vop— 
OFF 
SEGMENT 
Vss 
Vpp 
ON 
SEGMENT 
Vv 


ss 


Figure 7 


DIGIT STROBE INPUT STAGE 
ce 


Osc 
TO ENCODING (PIN 36) 
ROM ENABLE 


1ST 2ND 
NEG CLOCK NEG CLOCK 


OTHER D/S 


SINGLE TO SEGMENT 
PULSE LATCHES DIGIT 
ONE STROBE 


SHOT 


DATA LOAD 
STROBE 2 


TURNS OFF 
DECODING ROM 
AND LATCHES 
DATA AT SEGMENT 
OUTPUT LATCH 


TURNS ON DECODING 
ROM AND ENABLES 
LOADING OF SEGMENT 
LATCHES 


Digit Strobe and Clock Timing 
Digit Strobe Input Circuit Relationships to Data Loading 
Figure 8a Figure 8b 
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PIN DESCRIPTIONS 


Oscillator — A capacitor connected between the oscillator 
pin and ground completes the integral clock generator. The 
frequency of the clock generator (fosc) is determined by 
the capacitance value and the Vpp voltage, as seen in 
Figure 4. For driving LCDs with a 30 Hz to 100 Hz back- 
plane frequency range, the typical oscillator capacitor is 
1000 pF to 3800 pF (for Vpp = 5 V). The oscillator pin 
can also be driven with an external clock whose output 
swings within 10% of Vpp and Vsg. This is useful when syn- 
chronization of more than one DF412 is necessary, such as 
when driving displays of more than 4 digits on a single 
backplane. 


Backplane — The backplane of the liquid crystal display is 
driven by this pin whose output is a squarewave swinging 
between Vpp and Vss. The frequency of the backplane 
signal is fgsc/512. Most LCDs require backplane fre- 
quencies of between 30 Hz and 100 Hz. See Figure 4 for a 
graph of oscillator capacitance vs backplane frequency. 


Digit Strobes D;—Dg and BCD Inputs B3, Bg, By and Bo— 
Multiplexed BCD information is entered into the DF412 by 
presenting the appropriate BCD code to the inputs B3, Ba, 
By and Bg and by pulsing the appropriate digit strobe input 
D1, Dg, Dg or Dg with positive true logic (i.e., Viny = 
[0.8 x Vpp] for logic 1, Vint <0.8 V for logic 0). The 
minimum pulse width of a digit strobe should be not less 
than one period of the oscillator frequency. Information 
presented at the BCD inputs (B3, Bz, B1, Bg) must be valid 
during the digit strobe pulse. See the timing requirements 
in Figure 1. 


The digit strobe inputs are shaped by the input logic shown 
in Figure 8a. This logic causes a strobe signal which is a 
single clock period wide. The active time of this data load 
strobe (shown in Figure 8b) enables the BCD to 7-segment 
decoding ROM, which brings the new 7-segment data to the 
output latches. Delay time for data to get from BCD input 
to the segment outputs is typically 2 us—3 us. The end of 
the data load strobe is triggered by the second negative 
clock edge following the digit strobe going high. At this 


Siliconix 


edge, the segment outputs are latched, storing the 7-segment 
information for this digit. This input structure is the basis 
for the timing requirements of the DF412, shown in 
Figure 1. 


The digit strobe input structure can actually load more than 
one digit at a time from the same BCD input. The loading 
of multiple digits can save time for microprocessor applica- 
tions, such as for zeros, or blanks. However, all four digits 
cannot be simultaneously loaded due to a special decode of 
Dy - D2 - D3 - D4 which causes a reset of the backplane 
divider and inhibits loading of the BCD data. Unused Digit 
Strobes should be tied. to ground, to avoid them floating to 
a logic 1 condition which could cause an inadvertent reset 
condition. The reset condition stops the backplane square 
wave, putting the DF412 drive in a steady voltage state 
which would degrade the LCD for long term application. 


When ganging more than one DF412 together, it is necessary 
to synchronize the individual backplane signals to insure 
proper segment-backpiane signal phase relationships. This is 
easily accomplished by initially pulling all digit strobe 
inputs high and by then driving the ganged DF412s with a 
common oscillator. By comparing the individual backplane 
signals of two DF412s with an exclusive or gate (see Figure 
10) a continual checking of the backplane phase relation- 
ships can be accomplished. Should, for some reason, the 
individual backplane signals become out of phase an auto- 
matic reset will occur and proper phase once again will be 
established. 


Segment Outputs — Segments are driven with the DF412 
segment outputs which generate square waves which are 
either in phase with the backplane for an OFF segment 
or out of phase with the backplane for an ON segment. 
Output swings of the drivers are between Vpp and Vss. 
Segment peak to peak voltages are then 2X (Vpp—Vss). 
The CMOS output drivers provide matched resistance to 
both Vpp and ground, eliminating any net DC voltage 
component on the LCD to give maximized display life. 
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DF412 


APPLICATIONS 


8 DIGIT DISPLAYS: HAMLIN 3918, LXD 65DXX9 


VppD 
O 


THREE INVERTER OSCILLATOR 


EACH 1/4 CD4030 < 


0.001 uF 


R2 Ry 
100 K2 


DIGIT 
STROBES 


Ganged DF412’s Drive 8 Digit LCD 
Figure 9 


ENTER ROUTINE 


LOAD DATA BUS 
BCD WITH BOTH BCD 
INPUTS DATA AND 
DIGIT SELECT 
DIGIT 
STROBE LCD DISPLAY 


INPUTS 
BACKPLANE ENABLE 8255 


8-BIT p-PROC 8 BIT LATCH 
8080 FAMILY Ss 


8255 
PROGRAMMABLE 


PERIPHERAL PAUSE FOR At >1 
INTERFACE DF412 OSC PERIOD 


CS Ag Ay 


DONE 


Cosc 
aaa nt 4 DIGITS? 
CONTROL 


The DF412 Allows Simple Interface to the LCD Display 
from an 8080 Microprocessor. Data Transfer is Made with 
an 8 Bit Dump, Bringing Both the BCD Input and the Digit 
Strobes to the Chip in Parallel 
Figure 10 


CONTINUE 
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APPLICATIONS (Cont'd) BACKPLANE 


LXD 450XX03 
HAMLIN 3909 


LI) fi yf ag 
iY ey AI 208 HOLS yg BSG fag 


tLviG 


SEGMENTS 
FOR POS 
SIGN 


SEGMENTS 
FOR DIGIT 5 


SEGMENTS 
FOR DIGIT 4 
SEGMENTS 
FOR DIGIT 3 
SEGMENTS 
FOR DIGIT 2 
SEGMENTS 
FOR DIGIT 1 


aq — 94 a4 —- 91 


a3 — 93 


Bs 


DF412 


32> 92 


0,002 uF 


D4 03D2D, Bo B1B2B3 


= 


Bo(LSB) fan 
ET 
4013 
c 
S/O/U Ds D4D3D2D,1 Bp B1B2B3 0 +5 V 
Vss 
LD121A GND 
Vppb len 
n| 92 s ES 
a] 5] & nay 3 
H2v . 
ae = (|) cr130 @ 
INPUT ae | 
VOLTAGE 4 ans 
-12V 
2 K6.7V re] 


CsTRG 
CiINT ag 


4 1/2 Digit LCD-DVM 
Figure 11 


DIGIT LCD DISPLAY 7 


STROBE 
8-BIT u-PROC INPUTS 
8048 FAMILY BACKPLANE 
OR 
(4-BIT p-PROC) 


ENTER ROUTINE 


LOAD 1/0 EXPANDER 
(8243) WITH 
4 BITS — BCD DATA 


LOAD 1/0 EXPANDER 
(8243) WITH 
4 BITS — DIGIT 
SELECT CODE 


1/0 EXPANDER 


PAUSE FOR At >1 
DF412 OSC PERIOD 


Simple LCD Interface with 8048 Family of Microprocessors. 
Data Transfer is Made with Two 4-Bit Ports, Loaded 
with 4-Bit Dumps. Note in the Flow Chart that the BCD 
Data is Latched to the Expander First, then the Digit Strobe 
is Sent Out. This Insures Proper Data Being Loaded in. CONTINUE 

Figure 12 


DONE 
4 DIGITS? 
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D123 


Monolithic 6-Channel FET ef 
Switch Drivers ep 
designed for o's es BENEFITS 


a Interfacing Low Level Signals to @ Reduces System Component Requirements 


° O Six Interface Circuits on One Chip 
FET Switches such as Gl 15 and O Performs Amplification and DC Level 
G122 Series Multi-Channel FET Shifting Required Between Low Level 


2 Logic and FET Switches 
Switches 


DESCRIPTION 


The D123 contains six drivers designed to perform the level-shifting and amplification needed to interface low-level logic 
outputs and field-effect transistor switches (MOS FET or JFET). With the input logic reference, VR, at O V, the driver 
output reference, V— may be set between —3 and —30 V. Each output is designed to sink 5 mA of current in the ON condi- 
tion, and to hold off up to 30 V in the OFF condition. The input stage is a common-base emitter-input PNP transistor, 
and thus has a low input impedance. For the ON condition, an input current equal to or greater than 1 mA is required. 


FUNCTIONAL DIAGRAM SCHEMATIC DIAGRAM PIN CONFIGURATIONS 


Flat Package 


TOP VIEW 


ORDER NUMBER: D123AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 


Dual-In-Line Package 


TOP VIEW 


ORDER NUMBERS: D123AP OR D123BP 
SEE PACKAGE 11 
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ABSOLUTE MAXIMUM RATINGS Operating Temperature 


Power Dissipation” 
Flat Package** 
14 Pin DIP*** 


(A Suffix) 
(B Suffix) 


* All leads ea or - sGideted to "PC board. 


Current (Any Terminal) 
. Storage Temperature 


**Derate 10 mW/°C above 75°C. 
***Derate 11 mW/C above 75°C. 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 


parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 
ese 


CHARACTERISTIC 


Output Current, 
High 


Input Current, 
Input Voltage Low 


Input Voltage, 
High 


Negative Supply Current 


Reference Supply 
Current 


Negative Supply Current 


Reference Supply 
Current 


TYPICAL CHARACTERISTICS 


lin YS Vin ta(oft) YS IN(PEAK) 

1.8 

Vp =0 | 
V—=-20V 


“EE 
EERE 


HB) 

Sf 
I Ee a a 
[ec Eas wan YAY AY ane 
ila ties alll A) ATE ie age 
ee ey L/lt | 


0.2 0.4 0.6 0.8 
Vin — INPUT VOLTAGE (VOLTS) 'WN(peak) ~ INPUT PEAK CURRENT (mA) 


Ij — INPUT CURRENT (mA) 
ta(off) (ns) 


SWITCHING TIME TEST CIRCUIT 


ty < 10 ns 
te < 10 ns 


Siliconix 


1S 


iS 


a= 
77) 


= 
< > > = 


PROPAGATION (ns) 


—55 to 125°C 
—20 to 85°C 


TEST CONDITIONS, UNLESS NOTED: 


V—=-20V, Vp=0 


lo =5mMmA, lin=1mMA 


Vo =10V, Vin =0.4V 
Vin = 0.4 V 
lin=imA 


See Switching Time Test Circuit 


jiove | =1mA, 
fice |e Other Viyy = 0.4 V 


Vo =10V |All Vin = 0.4 V 


Propagation vs 
‘Temperature 


T — TEMPERATURE (°C) 


7.0 V (90%) 


- 17 V (10%) 


*SEE GRAPH 
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D125 


Monolithic 6-Channel FET ey 
Switch Drivers meh 


designed for anol se BENEFITS 


@® Reduces System Component Requirements 


# Interfacing Low Level Signals to ise one ! 
3 ix Interface Circuits in One Chip 
FET Switches such as Gl 15 and O Performs Amplification and DC Level 
G122 Series Multi-Channel FET ihe: 


@ Required Between Low Level Logic and 


Switches FET Switches 


DESCRIPTION 


The D125 contains six drivers, designed to perform the level-shifting and amplification needed to interface low-level logic 
outputs and field-effect transistor switches (MOS FET or JFET). With the input logic supply, Vi, at 5 V, the driver output 
reference, V— may be set between —1 and —25 V. Each output is designed to sink 5 mA of current in the ON condition, 
and to hold off up to 30 V in the OFF condition. The input stage is a base-input PNP transistor, with the emitter returned 
to the VL supply through a resistor. To turn the driver ON, the logic stage driving it must be capable of sinking 0.7 mA. 


FUNCTIONAL DIAGRAM SCHEMATIC DIAGRAM PIN CONFIGURATIONS 


Flat Package 


ENABLE (VL) Mie 


TOP VIEW 
ORDER NUMBER: 
D125AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 
Dual-In-Line Package 


TOP VIEW 
CRDER NUMBERS: 


D125AP OR D125BP 
SEE PACKAGE 11 


TYPICAL CHARACTERISTICS 
Propagation vs Supply Current vs 
Temperature Temperature 


PROPAGATION TIME (ns) 
CURRENT (mA) 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
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ABSOLUTE MAXIMUM RATINGS 


36 V Power Dissipation” 

30 V Flat Package** 

30 V 14 Pin DIP*** 

+6 V 
Current (Any Terminal) : *All leads welded or soldered to PC board. 
Storage Temperature -65 to 150°C **Derate 10 mW/°C above 75°C. 
Operating Temperature (A Suffix) at. 355 to. 125..C ***Derate 11 mW/°C above 75°C 

(B Suffix) 20110 80 C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC Wis 7 DiesA det pe Diese) eT] ONY eR Wee u 
eaih I Sh cd a Bal | 


U 
LA 
Input Current 
; + +1 +10 +10 +10 +20 Vin =4.6 V 
Input Current 
i -0.7 -0.7 -0.7 -1 —1 A Vin =0 
HNL Input Voltage Low Gee |e Pee esi We ie a zh 


Turn-ON Time 


See Switching Time Test Circuit 


Vin1 =9, 
All Other Vjjy = 4.6 V 


SWITCHING TIME TEST CIRCUIT 


VIN 


tr < 100 ns 
t¢ < 100 ns 


0 


—~| tofFrF |j=— 10 V 


-17 V (90%) 
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D129 


4-Channel MOS FET Switch ey 
Driver with Decode mig aks 


designed for... BENEFITS 


as Interfacing Low Level Signals to @® Reduces System Component Requirements 


© Four Interface Circuits in One Chip 


FET Switches such as Gl 15 and @ Easily Interfaced 

G123 Series Multi-Channel FET © Inputs Compatible with Low Power TTL 
A and DTL IF = 200 uA Max 

Switches © Output Current Sinking Capability 10 mA 


DESCRIPTION 


The D129 is a four-channel driver designed to provide the DC level-shifting and amplification functions needed to interface 
low-level logic outputs (0.7 to 2.2 V) and field-effect transistor switch inputs (up to 50 V peak-to-peak). With an input logic 
supply of 5 V, the output transistor emitter, V—, may be set at any voltage between —5 and —30 V. In the ON state, the 
output collector will sink up to 10 mA of current, and in the OFF state will hold off voltages up to 50 V above V—. Each of 
the four drivers has a 3-input logic gate, with each of the inputs either open or at positive logic ‘1’’, the driver will be ON. 
With any of the inputs either grounded or at positive logic ‘’0’’, the driver will be OFF. Some of the logic inputs to the 
four gates are internally connected to facilitate decoding from a binary counter; however, one input to each gate provides 
a means for independent operation of each driver, if desired. 


PIN CONFIGURATIONS SCHEMATIC DIAGRAM 


Flat Package 


a 
TOP VIEW INPUTS 


ORDER NUMBER: D129AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 


Dual-in-Line Package 


TOP VIEW 


ORDER NUMBERS: D129AP OR D129BP 
SEE PACKAGE 11 
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ABSOLUTE MAXIMUM RATINGS Operating Temperature (A Suffix) . . . .—55to 125°C 
RMT Ce ee, DUTTIX) i ek we Ok BE gat a. POO (B.Suttix): 4 2 4, =20,f0.85 C 
VeitoVEIB Suffix) . . . CP eh be gia RY, Power Dissipation” 

RCO eet ASUTTIX) = 2. ele Se ow ce (BBM Flat Package "@ @ ER RPE BM) Bee OmW 
DIG RUALOUTTIX): 8. wk ee ee 2a 14. Fir Dib panei ale eeee ee ee a SOS EOW 


OL ee ee 8V “All leads soldered or welded to PC board. 
PO ee we POM **Derate 10 mW/°C above 75°C 
VIN to Vin (Any Other Vin Terminals). . . . 6V ***Derate 11 mW/°C above 75°C 


SEPP OMARNIIUETERIMINAl) 6 4) iene. anyas es 30 mA 
sroreagewnemperature. . .. es ~65 to 150°C 


ELECTRICAL CHARACTERISTICS 
All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
CHARACTERISTIC [ Digpa See a [atom SEE ao EE WOR oR POND Oe 
p-ssc | ase | ras’c | -20°c | asc | asic ie ante 
Hq [MOL Gutout Vortene, tow | 193 | -193 | -19 | -19.25 |-1025 | -19 | | [tos t0ma Jy uaay 
Es Ey Ge Pea (Ee 0 he 


Input Current, Vin = 5 V Input Under Test 
E20 0. 1 ¥. fi 
mest Mettage sh ies | ozs] 0s | | sifsineo | veo] VIN nO Other Enpitts 
LA 
I 
pat Gurrent, =250q2| 6-200, |{ =16054 -250):|-. -225:.|--200 Vin =0, VE = 5.5 V 
Input Voltage Low 


See Switching Time Test Circuit 


One Channel ‘“‘ON"” 
Logic Supply Current 
Negative Supply Current All Vin = 0, 


Logic Supply Current All Channels “OFF” 


Negative Supply Current onsen 


*Per gate input IBAD-A 


TYPICAL CHARACTERISTICS 


Current Propagation 
vs Temperature vs Temperature 
3 


| — CURRENT (mA) 


—~ VARRU deat palate ta 
sae ai AEA Mya Wadi ie 
sao SE a ee ee ee 

Pe Raiertirtriee | Sea Pe 


60-40-20 0 20 40 60 80 100 120 140 60-40 -20 0 20 40 60 80 100 120 140 
Vin — INPUT VOLTAGE (VOLTS) T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


liq — INPUT CURRENT (uA) 
PROPAGATION TIME (ns) 


SWITCHING TIME AND TEST CIRCUIT 


+10 V 


“ahi A ty < 100 ns 


t, < 100 ns 
tow = Tus 
f = 100K Hz 
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D139 


15 


Siliconix 


Monolithic 2-Channel FET 
Switch Driver 
designed fOr scGer. BENEFITS 


~ : @ Easily Interfaced 
m Interfacing Low Level Signals to Se aTrL, DTLadna oo 


@ 
FET Switches @ Minimizes Switching Time 
OQ 150 ns Typical Propagation Time 


@ Interfacing TTL to CMOS ©! Vaisitite 


O Complementary Outputs 


@ Interface from TTL to Other Logic ScUe 16590 V-Gureean 
Levels, i.e. PROM Program Levels 


DESCRIPTION 


The D139 is a dual low level to high level voltage translator with complementary outputs. Uses include bipolar to MOS logic 
interface and bipolar logic to FET analog switch control. 


The following characteristics of the input circuit provide an ideal interface to the common logic forms TTL, CMOS, and 
DTL: light loading (= 1/3 TTL load) to ‘0’’ inputs, a 1.2 V trip point, and high input impedance with high breakdown to 
Sr lai@Duts: 


The output can drive up to 30 V peak-to-peak into pure capacitive loads or moderate resistive loads. Current source coupling 
between the input and output and split power supplies allow wide flexibility in the actual output voltage levels. Comple- 
mentary outputs permit maximum application versatility, allowing functions such as double-throw analog switch control. 


A positive logic ‘1’ at the input provides a ‘‘1’’ at OUT and a “0” at OUT. 


SCHEMATIC DIAGRAM (Typical Channel) PIN CONFIGURATIONS 


Metal Can Package 


TOP VIEW 
*COMMON TO SUBSTRATE AND CASE 


ORDER NUMBERS 
D139AA or D139BA 
SEE PACKAGE 2 


Dual-In-Line Package 


TOP VIEW 


ORDER NUMBERS D139AP 
OR D139BP 
SEE PACKAGE 11 
ORDER NUMBER D139CJ 
SEE PACKAGE 7 
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ABSOLUTE MAXIMUM RATINGS 
V+ to V— 
V+to VR 
V+ to Vo 
VL toVR 
VIN toVR. 
VR to V— 
VL to V— 
Vo to V— 
VL to VIN - : 
Current (Any BE einall. Dc 
Peak (Any Terminal) 
(200 us pulse width, 100 pps) 
Operating Temperature 
(A Suffix) 
(B Suffix) 
(C Suffix) 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. 


to assure conformance with specifications. 


CHARACTERISTIC 


—55°C 


Output Voltage, High 


VoH/VoH 
oH/VOH (V+ to Vo) 


Output Voltage, Low 
(Vo to V—) 


Input Current, Input 
Voltage High 


Input Current, Input 


(—600) 


Voltage Low 


Switching Time, Low to 


= 
Eo 


High, Delay Plus Rise Time 


Switching Time, High to 
Low, Delay Plus Fall Time 


Positive Supply Current 
Logic Supply Current 
Negative Supply Current 


Reference Supply Current 
Input Voltage High 


Reference Supply Current, 


D D fe 
te els 


Input Voltage Low 


(MIN)/MAX LIMITS 


=20°C 


Storage Temperature 
VAISS SUii) tan, tie ae ee eT T SOc 
LGrSUBiix) sare aan, iy Aan nite DD tO 125°C 
Power Deon iieettace grrenegeylngndnin eleanaeiransan SOLAN 


UP Package) = oui pie nwedeten veebrne- 2 TW 
(J Packagey tir.) (ie rr aro AW 


Thermal Resistance (9yn,J Package) . . . 0.16°C/mW 


.-55 to 125°C 


—20 to 85°C 
0 to 70°C 


* All leads soldered or welded to PC board. 


Derate L package 10 mW/°C above 75°C 
Derate P package 11 mW/°C above 75°C 
Derate J package 6.5 mW/°C above 25°C 


Lots are sample-tested for AC parameters and high and low temperature limits 


D139AA/AP D139BA/BP (D139CJ) TEST CONDITIONS, 


Siliconix 


(MIN)/MAX LIMITS UNLESS NOTED: 


V+=10V, Vi =5V, 
V—=-20V, Vp =0 


Vin = 2 V for 
VoH/VOL. 
Vit = 0.8V for 
VOH/VOL 


See Switching Time Test Circuit 
(Ciy= 35 pir) 


Input Voltage High 
or 


Input Voltage Low 


Vint = Vin2=5V 


Vint = VIn2=O0V 
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TYPICAL CHARACTERISTICS 


Logic Input Current vs 
Logic Input Voltage Output ‘‘Low” Characteristic Output “High” Characteristic 


AMS 

‘7 
‘eC 
Te lara 


oS 


aid 


: -=- l= 

| CEE ame 

@ betta | eee 
2 —-4 -6 -8 -1 


(Vo_ — V—) — GUTPUT “LOW” 
VOLTAGE WITH RESPECT TO V— (VOLTS) 


(V+ — Voy) — OUTPUT “HIGH” 
VOLTAGE WITH RESPECT TO V+ (VOLTS) 


ly, — LOGIC INPUT CURRENT (A) 


3 4 5 , “ 
Vin — LOGIC INPUT VOLTAGE (VOLTS) Ig, — OUTPUT “LOW” CURRENT (mA) IQ — OUTPUT “HIGH” CURRENT (mA) 


Supply Current vs Temperature Selecting V+ and V— Selecting V+ and V— 


vate ee A RRR 

Host al Ail é 

BS Sees The output swings between V+ and 
Cilla nt V= (VOH (SN Pian aa 
| tot [ | resion / Select V+ and V—, within the oper- 

ee beter Aes tem || Za ating region of curve at left, to pro- 

Poltel Paakiieaeemecliock. vide the desired output swing. Note 

fae laos: jb. psy mal eva cd that V— can be —2.0 V to —30 V 

Reese] SEESEPAEEEY vt Haan 


0 
—65 —35 —15 5 25 45 65 85 105 125 =30. —20 —10 
T — TEMPERATURE (°C) V— (VOLTS) 


V+ (VOLTS) 


SUPPLY CURRENT (mA) 


Switching Time, Low to Switching Time, High to 
High, vs Load Capacitance Low, vs Load Capacitance Switching Time vs Temperature 


300 
SEE TEST CONDITIONS L SEE TEST CONDITIONS C, = 35 pF 
AND DEFINITIONS : 
Dae Masti SEE TEST CONDITIONS 
T AND DEFINITIONS 


on 
So 
o 


> 
So 
o 


3 


N 
[=] 
o 


t — SWITCHING TIME (ns) 
t — SWITCHING TIME (ns) 
t — SWITCHING TIME (ns) 


8 


-55 -35 -15 5 25 45 65 85 105 125 
C, — LOAD CAPACITANCE (pF) C, — LOAD CAPACITANCE (pF) T — TEMPERATURE (C) 


TEST CONDITIONS AND DEFINITIONS 


Switching Time Test Circuit 


LOGIC INPUT 


Your Youn /* 
THE COMPLEMENT 


oF Vou Te, 
eu Sas 0.1 (Von — Vow) 
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DRIVING PMOS ANALOG SWITCHES 


DPDT PMOS 


+10 V 
O6 


CONTROL 


ANALOG IN/(OUT) 


A’'1" FROM CONTROL CONNECTS S2 TO D1 AND $3 TO D2. 
Van RANGE = +10 V TO -10 V ANALOG OUT/(IN) 


PMOS Interface Circuit 
Figure 1 


Driving PMOS Analog Switches. The D139 output swing is dictated by the analog signal range. VOH Is the PMOS “OFF” 
level and must equal the most positive analog voltage. Vo. is the PMOS “ON” level and must be 10 V more negative than 
the most negative analog voltage. Therefore for VAN = +10 V > V+= +10 V and V— = —20 V. PMOS control is make-before- 
break. 


PMOS LOGIC INTERFACE 


Figure 2 
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D139 


DRIVING NJFET ANALOG SWITCHES 


Fast Dual SPST, NJFET, for Dual SPST, NJFET for High 
Low Frequency Signals (1) Frequency Signals (1) 


CONTROL CONTROL 


THE 2N4393 WILL BE “ON” FOR A “1” FROM CONTROL. THE 2N4393 WILL BE “ON” FOR A "1" FROM CONTROL. 
Van RANGE = +10 V TO -10V. Van RANGE = +10 V TO -10V. 


Figure 3 


Driving NJFET Analog Switches. VQy is the ON’ NJFET level and must be isolated from the gate by a series diode as shown 
above to prevent forward gate current. VoL is the ‘‘OFF’’ NJFET level and must be more negative than the most negative 
analog signal voltage by (|VGS(off)! +2 V). NJFET control is break-before-make. 

(1) See Siliconix Application Note ‘Driver Circuits for the J-FET Analog Switch’’ AN73-5, August 1973. 


APPLICATIONS 


Daa, 


3621 
(INTEL) 


*C1 1S USED TO SLOW THE RISE TIME TO ~ 400 ns 


D139 Used in Programming the Intel 3621 PROM 
Figure 4 
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APPLICATIONS (Cont'd) 


+5V 
O 


75 


O 
eo eeann 


Seah * 


am) 
> 2N4400 
LI, 


D139 Used in Programming the Intel 3601 PROM 
Figure 5 


PROGRAM CS/WE 
Ei /\.1N914 C,* 


i 


(INTEL) 
2708 


DATA BUS 


ADDRESS +5V +12V-5V OV 


LOGIC 


*C, USED IN OBTAINING THE PROPER RISE AND FALL TIMES 
**R1 USED IN LIMITING CURRENT INTO D139 


D139 Used in Programming the Intel 2708 PROM 
Figure 6 
D139 2-Channel Interface. The D139 may be used to interface 0.5 V TTL to CMOS Logic by setting VL, Vp, V+ and 
V— to the proper levels. If 0 to 5 V TTL levels are to be used to control the switch, Vj_ should be set to 5 V and VR 
grounded. 


V+ and V— may be set to whatever levels are needed. The operating region of the D139 is determined by the graph of V+ vs 
V-. 


Note. V— must be at least 2 V below Vp in order for the D139 to operate. See the V+ vs V— graph for selecting the supply voltages within 
the operating region. 
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D169 


Dual Driver IC v3 


Siliconix 


designed for... 


Analog Multiplexing BENEFITS 


Interfacing from Low-Level Logic to + Complementary outputs 
MOS Power FETs e Wide Output Swing: 


; q O 33 Vat + 40mA 
Logic Level Translation 
Fast Switching: 


Driver for PIN Diodes and FET © 70 ns Delay Time 
Switches e¢ Variable Input Threshold 


Timing Circuits (Oscillators, Pulse — + tow Power Drain 
Generators, and Timers) 


@ Differential-Output Line Driver 


DESCRIPTION 


The D169 is a versatile high-voltage dual driver with complementary outputs. Low-level logic inputs can be translated up to+33 V 
output levels. A differential input stage with adjustable threshold provides high input impedance and easy interfacing to low-level 
logic or analog inputs. Current-source coupling to the output stage allows wide flexibility in output voltage levels. The comple- 
mentary emitter-follower outputs can source and sink currents of up to+ 40 mA with an output swing of up to 33 V. This output 
stage is excellent for driving capacitive loads; such as power MOSFETs, long cables, or timing capacitors. The output stage can 
be operated from single or split supplies. Each channel of the dual D169 has two separate outputs that are complementary (OUT 
and OUT). This two-phase output capability can be very useful for driving power MOSFET configurations. 


TYPICAL APPLICATIONS PIN CONFIGURATIONS 


Dual-In-Line Package 


INPUTS 


TOP VIEW 
ORDER NUMBERS D169AP 
SEE PACKAGE 11 
D169AK OR D169CK 
SEE PACKAGE 9 
D169CJ 
SEE PACKAGE 7 


out | out _| 


Driver for Dual Totem-Pole VMOS Switches Driver for VMOS H-Switch 


Figure 1 
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ABSOLUTE MAXIMUM RATINGS 


V* toV~,V* toVp, and V* to ies Power Dissipation 

V_ to Vp, Vin to Vp, and V, to Vin “P” Package* 

VatoV ,V,toV’,andVotoV™ “J"” Package* 

Current (Any Terminal) DC Thermal Resistance (6 ),, J Package) 

Peak (Pulsed 1 ms, 10% Duty Cycle) 

Operating Temperature—‘‘A”’ Suffix : *All leads soldered or welded to PC board. Derate P package 
(A Suffix) 55 to 125°C 11 mW/°C above 75°C. Derate J package 6.5 mW/°C above 
(C Suffix) Gto7v0%s baa 

Storage Temperature 
(A Suffix) — 65 to 150°C 
(C Suffix) — 65 to 125°C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low 
temperature limits to assure conformance with specifications. 


D169AP aor Wpiescd ee TEST CONDITIONS, 
CHARACTERISTIC MAX LIMITS | MAX LIMITS | | MAX LIMITS | UNIT UNLESS NOTED: 


V+=15V, iio V, 
ra 


1 

2 

3 | Voi/Voc Output Voltage, Low + .75)|)—1.2 SESE abe 8 V for 
ee) 2.2] =30 [-30[ - sao. 


Input Current, 
Input Voltage High 


Output Voltage, High 
Vou/ Von 


liNH 


Input Current, 


HNL Input Voltage Low 


Switching Time, Low to 
dal cil Arkh ced ole See Switching Time Test 


Low, Pee coking caaeate Plus Fall Time 

Vio __Switching rossover Level | ‘Srossover Level feta foe Sion el 200 pF Load 
is tenor] Tort} ia eg er a 
i= Newave SupotyCurent_[=22 | [-30] | [-30[ | ™" [Movn Wn Vone 
Peart sendin orate a 


tTypical values are for Design Aid only, not guaranteed and not subject to production testing. 


t4) 


COMPLEMENTARY 
LEVEL DETECTOR LEVEL SHIFTER FOLLOWER OUTPUTS 


ey 


Figure 2. Schematic Diagram, One Channel 


Siliconix 1-21 


69Ld 


ODjid,U] a 


D169 


1-22 


ELECTRICAL CHARACTERISTICS (CONT‘“d) 
SWITCHING TESTS 


TEST CONDITIONS 


200 pF 
8) 
200 pF 
1000 pF 
200 pF 
1000 pF 


Figure 17. Switching Test Circuit 


WAVEFORMS A 


Table 1. 


Test 2 Tests5&6 
(Fig. 17) (Fig. 17) 
vt = +15V, V7 = -15V 
Typ 


Test Conditions Be 
Resistive, 


Low-to-High 
Delay Time, ae 95 
Rise Time, ey 60 


High-to- Low 
Delay Time, tq 50 
Fall Time, te— 


Complementary Emitter-Follower Output 


Transistors Q7 through Qjg form complementary emitter- 
follower outputs connected to each side of the Q3, Qy level 
shifter. This permits resistive loads requiring up to 40 mA to be 
driven at high speeds (rise and fall times under 50 ns — see Fig- 
ure 10). Also high peak currents are available to drive capaci- 
tive loads (see Figures 11 and 12 for capacitive switching 
data). The switching times are generally independent of out- 
put swing, except for the fall time which is influenced by the 
negative rail, V-. 


The PNP transistors have a relatively high collector series 
resistance. Consequently, when a steady-state current is be- 
ing drawn by the PNP which exceeds about 2 mA, the transis- 
tor becomes saturated and minority carrier storage takes place 
in the base and collector regions. Upon a change of state, a 


Tests 3 & 4 
(Fig. 17) 


v* = +15V, V~ =0 
Capacitive Load 
1000 pF 


220 230 
240 200 


80 80 


storage delay occurs which can be substantial if a large current 
is being switched (see Figures 6 and 16). This delay can be 
utilized when a long ‘‘dead time” is needed during change of 
state and when only the portion of the voltage waveform more 
positive than zero is of interest. This storage delay does not 
occur when capacitive loads are being driven, regardless of 
output levels, or when the load and V_ are returned to 
ground. 


The output levels as a function of DC output current are 
shown in Figures 13 and 14. Note that no current limiting is 
used in the output stages. Consequently, care must be exer- 
cised to avoid exceeding the maximum current rating of the 
device. 
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TYPICAL CHARACTERISTICS 


7 


Z 2 
= = kb 
= Is) < 2 
r4 £ Ww 
- E 
c 4 ra 3 
=) 
s) & io 
ad) 
> = ar 
sai} 3 s) 
a 2 
a > a 
a a ° 
a 1) 
aN i? =) re) 
io) n” al 
fo) | 
= 2 
WF 


ike aa! 


(Vi — Vp) — LOGIC SUPPLY VOLTAGE (VOLTS) T — TEMPERATURE (°C) ViN — LOGIC INPUT VOLTAGE (VOLTS) 
Figure 3. Supply Current Variation Figure 4. Effect of Temperature Figure 5. Logic Input Current 
with Logic Supply on Supply Currents vs. Logic Input Voltage 


SEE TEST =1 


sh Ww 
= 300 2 < 
£ i \F 
w 200 = (o) 
= F > 
- fod % 
Ww 
3 4100 S > 
z 9 3 
ne ez O oe 7) 
Ee fe) 2 
= 50 & s 
| | 
2 


500 1000 2000 20 50 100 200 500 1000 2000 


+1, — OUTPUT CURRENT (mA) C,, — LOAD CAPACITANCE C, — LOAD CAPACITANCE 
Figure 6. Switching Times Figure 7. Effect of Load Figure 8. Effect of Load 
with Resistive Load Capacitance on Crossover Time Capacitance on Crossover Level 


J 
Oo 


40 


SWITCHING TIME (ns) 
t — SWITCHING TIME (ns) 


oa 


Vy — CROSSOVER VOLTAGE (VOLTS) 


SEE TEST #2 


20 30 40 50 100 200 500 1000 2000 5000 


10 


| v*|+|v~|—ouTPUT SWING (VOLTS) Ig — LOAD CURRENT (mA) C, — LOAD CAPACITANCE (pF) 
Figure 9. Effect of Voltage Figure 10. Resistive Load Switching Figure 11. Switching Times 
Output on Crossover Level with Capacitive Load 


V* = 10V to 30V 
SEE TEST #3 


iiaeaanes ie St es omepie 24 
RATED DC 
CURRENT 


RATED DC 


500. CURRENT 


300 


200 


(Voy, — V~) — OUTPUT 


VOLTAGE DIFFERENTIAL (VOLTS) 
(V* — Voy) — OUTPUT 


VOLTAGE DIFFERENTIAL (VOLTS) 


ty — FALL TIME (ns) 


1000 2000 5000 0 10 20/430 40 50 60 70 80 0 JOM +205 96305540 50i) 60 hie 7D, 80 
C, — LOAD CAPACITANCE (pF) lo, — OUTPUT “LOW” CURRENT (mA) lo — OUTPUT “HIGH” CURRENT (mA) 


Figure 12. Fall Time with Capacitive Load Figure 13. Output ’’Low” Characteristic Figure 14, Output ‘High’ Characteristic 
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- FALLING 
OUTPUT 


Figure 15. Switching Waveform 


40 mA Load, V~ = 20V, 
V~-=0 


OPERATING GUIDELINES 


are listed below: 


vt (Pin 6) 
V~ (Pin 9) 


zero volts 


Vp (Pin 8) 
V, (Pin 7) 
INTL, IN2L (Pins 5, 10) 
IN1H, IN2H (Pins 5, 10) 


CIRCUIT OPERATION 


The D169 circuit has three sections: (1) an input level detec- 
tor, (2) a level shifter, and (3) a pair of complementary emitter- 
follower outputs. This arrangement provides a high input 
impedance, high output drive capability, and compatibility 
with a wide range of power supply levels. The input threshold 
level can be easily varied to accept various logic levels. Output 
swing is set by the V* and V~ power supply levels. 


Level Detector 


Transistors Q, and Q» form a differential input pair. Transistor 
Qo, resistor R,, and diodes D,, Dy form a current source of 
about 1 mA which drives the common emitter connection. 
The voltage between supply levels V, and Vp determines the 
value of the current source and the current through the bias 
string (diodes D, through Dy, and resistor Ry). The current 
from the supply V,_ and the current out of the terminals Vp and 
V~ is shown in Figure 3. Temperature variations are shown in 
Figure 4. The voltage on the base of Q, determines the trip 
point where the circuit changes state. With Vp grounded, the 
trip point is about 1.4 volts, depending somewhat on the volt- 
age V_. The input characteristics are shown in Figure 5. 


Level Shifter 


Schottky-clamped transistors Q3 and Q, along with P-channel 
MOSFETs Qs and Og form a complementary-coupled switch- 
ing stage. This configuration draws no idle current and per- 


For proper performance of the D169 circuit, certain guidelines must be followed for the power supply and input terminals. These 


TERMINAL ALLOWABLE CONDITIONS 


Any positive voltage | A 2 

Any negative voltage or (10V < Vi — V < 36V 
> VEE + 1V (Input Threshold = VR + 1.4V) 
Ve AV 

= VepatelV. 
> Vege Vv 


| FALLING | _ 


~~ \QUTPUT + 


Figure 16. Switching Waveform 


+40 mA Load, V* = 10V, 
V~ = —10V 


mits a change of state within 100 ns after the input signal 
passes the trip point. The circuit delays are such that the 
switching action approaches a “‘break-before-make” se- 
quence as shown in Figure 15. The response times are essen- 
tially independent of the input signal level and rise time. 


The time measured from the input signal step to where the 
output waveforms from OUT and OUT cross is called cross- 
over time. The voltage level at that time with respect to Vis 
called crossover voltage. This point is of importance when 
driving certain loads where a break-before-make action is nec- 
essary to avoid high current surges. The crossover time is 
essentially independent of output voltage swing, but is 
affected by the load capacitance as shown in Figure 7. The 
delay time of the negative going waveform from OUT and 
OUT is not significantly affected by load capacitance; 
however, the delay time of the positive going waveform exper- 
iences a delay which is fairly sensitive to load capacitance. 
This feature reduces the dependence of crossover voltage on 
the load capacitance as shown in Figure 8. However, the out- 
put voltage swing does exert considerable influence upon 
crossover level as indicated in Figure 9. 


In order to provide adequate drive to Q3 and Qa, the voltage at 
the collector of the differential pair must be more positive than 
the V level plus the base emitter drop of the Schottky tran- 
sistors. This dictates that the ‘‘low”’ level of Vj,, should exceed 
V_ by at least one volt. 


Siliconix 


APPLICATIONS 


Q1, Q2, Q3, AND 04 
ARE VN35AK 


Figure 18. Totem-Pole Driver with Bootstrapping 


Totem-Pole Driver with Bootstrapping 


When driving VMOS in a totem-pole output configuration (see 
Figure 18), it is necessary to have the gate voltage 10 to 15 
volts positive with respect to the source in order to handle load 
currents near the VMOS maximum ratings. The D169 lends 
itself to bootstrapping because of its high voltage ratings. 


Figure 19. D169 Used as 


Voltage-to-Frequency Converter 


A simple, low-cost VFC can be designed using the D169 and a 
single op amp (see Figure 19). The D169 serves as a level 
detector and provides complementary outputs. The op amp is 
used to integrate the input signal V,,, with a time constant of 
R,C,. The input, which must be negative, causes a positive 
ramp at the output of the integrator which is then summed 
with a negative zener voltage. When the ramp is positive 
enough to cause the D169 input (pin 10) to exceed the logic 
threshold of 1.4 V, then the D169 outputs change state and 
OUT 2 flips from negative to positive. This positive output of 


Siliconix 


In the circuit shown, the voltage on the 2000 pF bootstrap 
capacitors is applied via diode ‘OR’ gates to the V* terminal. 
Therefore, regardless of which output is high, 30 volts is pres- 
ent at V~. Maximum switching frequency is determined by 
the input capacitance of the VMOS transistors used. 


a Voltage-to-Frequency Converter 


approximately 11 V puts transistor Q, into saturation which 
then resets the integrator to near zero. The integrator peak dif- 
ferential voltage AV will be approximately 9.2 V. The output 
frequency f,, neglecting the short reset interval, will be 


1 
Poor ae VAAN 
fo) R,C, AV INv YIN | 


The pulse repetition rate, f,, is directly proportional to the 
negative input voltage Vj. 
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TELECOMMUNICATIONS 
Title Page 
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DF S2B iit Lb Fa Be iia goals lohace och diese lahat, oleae eects state ee aE Peet lie Er 2-12 
LOOP DISCONNECT DIALERS 
Product Description Application 
: Replacing Conventional 
DF320/ DF320A/DF322 Crystal Oscillator ; : 
DF328 LC or Crystal Oscillator Rotary Dial Phones with 


Push Button Keyboard Phones 


Stresses listed under “Absolute Maximum Ratings” may be applied (one at a time) devices without 
resulting in permanent damage. This is a stress rating only and not subject to production testing. Exposure 
to absolute maximum rating conditions for extened periods ma y effect device reliability. 


CMOS Loop Disconnect 
Dialers BENEFITS 


Eliminates the Need for Regulated Supplies 
O 2.5 V to 5.5 V Vpp Range 

Minimizes Power Consumption 

O Standby Dissipation — 6 uW 

Push Button Telephones Low Cost 


O Simple Support Circuitry 


Repertory Dialers © Power On Reset 


Siliconix 


designed for... 


Minimizes External Components 


a 
ke 
i Telex ©O On Chip Circuitry for: Keyboard De- 
ce 
us 


bouncing; Last Number Repeat; Input 


Mobile Telephones Pull Up/Pull Down Terminations 


Versatile 


e e ® 
Security and Fire Alert Systems © Selectable Mark/Space Ratios, Impulsing 


° Speeds 
eh Emergency Number Dialers O Hold Facility to Delay Impulsing 


DESCRIPTION O Fixed IDP: 8 Times Impulsing Period 


The DF320 series of monolithic CMOS Loop Disconnect Dialers each contain all the logic necessary to interface a standard 
double contact keyboard to a telephone system requiring loop disconnect signalling. 


A dial pulsing output and two masking output options are provided to control the impulsing (loop disconnect) and muting 
functions. The circuit is capable of storing a number string of up to 20 digits and re-dialing this stored number automat- 
ically at a later time, initiated by a RE-DIAL input code. Impulsing mark/space ratio (M/S), and impulsing rate are pin 
programmable to meet most telephone authority specifications. 


The use of Siliconix low voltage CMOS technology allows operation with an unregulated supply voltage down to a guaranteed 
minimum of 2.5 V. This feature, together with low operating current, negligible standby current and high noise immunity 
make the DF320 series easy to interface to long telephone lines. 


External component count is minimized by the inclusion of an on-chip clock oscillator, high impedance pull-down termine- 
tions to programming inputs as well as pull-up terminations to the keyboard giving direct interfacing. 


The DF320 provides the functions most commonly required in the push button telephone application. M1 is the masking 
option which remains at logic “1” throughout the dialing sequence. The DF322 is identical to the DF 320 except that M2 is 
offered instead of M1. The M2 masking option is at logic ““1’’ only during impulsing, allowing the telephone line to be moni- 
tored during the IDP. The DF 320A has an extended post impulsing pause of 500 ms. 


PIN CONFIGURATION 
DUAL-IN-LINE PACKAGE 


DF320DJ 
DF320DK 
DF320ADJ 
DF320ADK 
DF322DJ 
DF322DK 


XTAL OUT | 9 | 
TOP VIEW 
*M2 ON DF322DJ, DF322DK 


ORDER NUMBERS DF320DJ, DF320ADJ OR DF322DJ 
SEE PACKAGE 19 

ORDER NUMBERS DF320DK, DF320ADK OR DF322DK 
SEE PACKAGE 23 
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DF320 DF320A DF322 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature (K Package) —65 to +150°C 
Voltage on Any Pin — 0. : (J Package) —65 to +125°C 
Current at Any Pin Power Dissipation (J and K Package) 
Operating Temperature 
*Derate 6.3 mW/°C above 25°C. All leads soldered to PC 
board. 


ELECTRICAL CHARACTERISTICS 


All voltages referenced to Vss unless otherwise noted. 


Test Conditions Unless Noted: 
Vpp = 3.0 V, Ta = 25°C 
foLk = 3.57945 MHz 


Characteristic 


<< 250 3.579545 MHz Crystal, Cx TALOUT = 12 PF 
VIN.= ss X1, X2, X3, 

ViIn=Vpp.|.© tr Y2. ¥3. ¥4 

VIN = Vss M/S, FO1, FO2, 


Vin=Vpp Hold 


Wie Pull-Up Transistor Source Cu rrent 


WH Input Leakage Current 


Input Leakage Current 


TEE] 
o;]— 


All Inputs 


DP, M1, M2 
N-Channel Sink Vout = 2.3 V 
Drive Current 
P-Channel Source Wear Stay 
DP, M1, M2, C= 50 pF 
Output Fall Time 
feoLkK Maximum Clock Frequency 3.579545 MHz Crystal 


M/S Mark to Space Ratio 


No Load 


Note 1 


IDP Interdigital Pause T = Selected Impulsing Period, Note 1 


Impulsing Rate = 1T 


Timed from CE = Logic ‘‘1"’ 


ton Clock Start Up Time 
Cin Input Capacitance 


Any Input 


DF320, DF322, 


POIP Post Impulsing Pause T = Selected Impulsing Period 


DF320A 


ota 
a) 


*Typical parametric values are for Design Aid Only, not guaranteed and not subject to production testing. Timing waveforms are subject to 
production functional test. 


NOTES: 
1. See Pin Function, Table 1 
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FUNCTIONAL BLOCK DIAGRAM 


osc PROGRAMMABLE TIMING COUNTER 
P 
XTAL OUT OQ a RE DIVIDE 34 AND DECODE 


INPUT OUTPUT SCHEMATICS 


M/S, F01, FO2, HOLD 
Figure 1 


INPUT/ 
OUTPUT 


CE 
Figure 4 


*Circuit Protection Not Shown 


READ ADDRESS 
COUNTER 


Bim CONTROL AND 
i ey STATE LOGIC 
ADDRESS SELECT 


ri LI 


OUTPUT COUNTER 


ADDRESS DECODE 


Xa X2%3 Y1 Y2 Y3 Ya 


Vpp 


X4, Xo, Xz, Y4, Yo, ¥3. Yq XTAL IN 
Figure 2 Figure 3 


OUTPUT OUTPUT 


Vss 


DP, M1, M2 XTAL OUT 
Figure 5 Figure 6 
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DF320 DF320A DF322 


TYPICAL CHARACTERISTICS 


Ipps — QUIESCENT CURRENT (uA) 


< 
= 
— 
= 
Ww 
a 
a 
= 
Oo 
=< 
2 
n 
kb 
=) 
a 
oe 
=) 
<x 
eK 
x< 


14 — INPUT PULL-DO VN CURRENT (yA) 
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= 
Np 
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Typical Quiescent Current vs 
Temperature 


=40 -20 0 20 40 60: 80 
Ta — TEMPERATURE ( C) 


Typical XTAL IN Input Clamp 
Characteristics 
Ta=25C 


TYP TEMP. COEFFICIENT = —0.2%/ C 
VALID ONLY IF CE=0 


XTAL INPUT VOLTAGE (V) 


Typical Input Pull-Down Current 


vs Supply Voltage 
(M/S, FO1, FO2, Hold) 


2 3 4 5 
Vpp — SUPPLY VOLTAGE (V) 


Ipp — DYNAMIC CURRENT (uA) 


1}, — INPUT PULL-UP CURRENT (yA) 


Ij — INPUT PULL-DOWN CURRENT (uA) 


Typical Dynamic Current 
vs Supply Voltage 


2 4 
Vpp — SUPPLY VOLTAGE (V) 


Typical Input Pull-Up Current 
vs Supply Voltage 
UXT, ¥ 2988, lay oer Yiouey 4) 


celle te 


rei fo) 

Ta = 25°C 

TYPICAL TEMP. — 

COEF. = —0.6%/°C 
—— 


—TOt=6: 26m =4 <3 
Vpp — SUPPLY VOLTAGE (Vv) 


Typical Input Pull-Down 
Characteristics 


TyAte2ouG 
TYP TEMP COEFFICIENT = —1,0%/-C 


Vin — INPUT VOLTAGE (V) 


Siliconix 


Ipp — PERCENTAGE DEVIATION 


ly. — INPUT PULL-UP CURRENT (uA) DYNAMIC CURRENT (%) 


CE SINK CURRENT (yA) 


Typical Percentage Deviation 
of Dynamic Current vs 
Temperature (Normalized 
to 25°C) 


-60 -40 -20 0 
Ta — TEMPERATURE (‘C) 


Typical Input Pull-Up 
Characteristics 


TA.= 25 € 


—+— 


Vin — INPUT VOLTAGE (V) 


Typical CE Sink Current 


Ta = 25 a 
TYPICAL TEMP. 
COEF. = —0.2%/°C 


foe] 
(=) 


fo?) 
oO 


> 
Oo 


CE SUPPLY VOLTAGE (Vg = Vpp) 


TYPICAL CHARACTERISTICS (Cont'd) 


Ij, — CE SOURCE CURRENT (A) 


Typical CE Source Current 


Typical N-Channel Output 
Drain Characteristics (DP, M1, M2) 


Typical P-Channel Output 
Drain Characteristics (DP, M1, M2) 


PIN FUNCTION 
VDD 

DP 

M1 

M2 

M/S 


FO1, FO2 


CE 


XTAL IN 
XTAL OUT 
Vss 

X41, X2, X3 

Y di ¥,2+ 1 30.%4 
HOLD 


agin’ Z 
E £ 
5 5 5 T= 26°C 
rd i TYPICAL TEMP, 
« 3 COEF. = —0.2%/°C 
TYPICAL TEMP. = - & 
a i yf /0 = = 
COEF. = —0.3%/"C F z 
a 3 a 
rf) wll 
2 2 
2 2 S 
q a 
ead AR 
o S 
2 1 a 
| | 
5 7) 
= 0 


Vpp — SUPPLY VOLTAGE (V) 


Table 1 
DESCRIPTION 
Positive voltage supply 
Dial Pulsing Output Buffer 
Mask 1 (Buffered Output) = Logic ‘’1’’ during Dialing Sequence 
Mask 2 (Buffered Output) = Logic ‘’1°’ during an Impulse 


Mark/Space (Break/Make) Ratio select. On-chip active pull-down to Vss. 


Impulsing Rate Impulsing Rate Clock Frequency 
Loeec Idol) issn | 
Heme {h. fzone\. [1 eae EET 


466.1 Hz 


OC 
ee 


*Assumes foLK = 3.579545 MHz 


Chip Enable. Input/Output, left open it is internally controlled by keyboard decode logic. Can be externally forced for 
manually enabling chip. 


Crystal Input. Active, clamped low if CE = ‘’0’’, high impedance if CE = ‘‘1"’. 
Crystal Output. Buffer to drive crystal. Capacitive load on-chip. 

System ground 

Column keyboard inputs having active pull-ups to Vpp. Active LOW 

Row keyboard inputs having active pull-ups to Vpp. Active LOW 


Prevents further impulsing. On-chip active pull-down to Vssg 


Vpop No Impulsing. If activated during impulsing, hold occurs when the current 
digit is complete. 


Siliconix 
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DF320 DF320A DF322 


FUNCTIONAL DESCRIPTION 


1.0 Clock Oscillator — The on-chip oscillator amplifier is 
connected between the XTAL IN and XTAL OUT pins. 
The oscillator is completed by connecting a 3,579,545 Hz 
crystal in parallel with a 10M {2 resistor between XTAL IN 
and XTAL OUT. When CE = “0” an N-channel transistor 
clamp is activated, disabling oscillator operation. On the 
transition of CE to logic ‘1’ a fast oscillator turn-on circuit 
kicks XTAL IN voltage to the amplifier bias point allowing 
oscillator operation within 4 ms. The basic clock frequency 
of 3.58 MHz is predivided by a programmable counter to 
provide the chip system clock. 


As an alternative, an LC oscillator can be formed as shown in 
Figure 15. Selection of fcLK = 38.4 kHz with FO1 con- 
nected to Vpp will give an impulsing rate of 10 Hz. 


It is also possible to control the DF320, DF320A, DF322 
from an external clock applied to XTAL IN. 


2.0 Chip Enable, CE — The Chip Enable pin is used to 
initialize the chip system. CE = “0” forces the chip into 
the static standby mode. In this mode the clock oscillator 
if OFF, internal registers are reset with the exception of the 
WRITE ADDRESS COUNTER and the circuit is ready to 
receive a new number or re-dial. While CE = ‘'0’’ data can- 
not be received by the chip, but data previously entered 
and stored is maintained. When CE = “1” the clock oscil- 
lator is operating, the internal registers are enabled, and 
data can be entered from the keyboard up to a maximum 
of 20 digits. 


CE is primarily controlled by a logic gate with function 
F = KEYBOARD INPUT + M1 + HOLD 
where + denotes logical OR. 


To operate this gate, a resistor and capacitor should be 
connected in parallel between CE and Vss. When the chip 
is used in the CE INTERNAL CONTROL MODE power ON 
reset occurs when Vpp is applied, since a logic ‘‘O”’ appears 
on the CE pin. The chip remains in the static standby con- 
dition until it receives the first valid keyboard input after 
Vpp is applied. This is statically decoded and causes 
CE = “1”, hence enabling the clock oscillator. The de- 
bounce counter is then clocked by the system clock until 
the valid data condition is recognized. Data is then written 
into the on-chip RAM. CE is maintained at logic “1” by 
M1 during dialing. 


The WRITE ADDRESS COUNTER is reset on recognition 
of the first valid debounced keyboard input provided that it 
is decoded during tq of the pre-impulsing pause PIP (see 
Figure 8). In the CE INTERNAL CONTROL MODE this 
condition will always apply. When all keyed digits have 
been dialled, M1 goes to logic ‘‘0’’ and hence the chip 
returns to the static standby condition. If digits are sub- 


sequently keyed during the same OFF-hook period, after a 
pause in dialling for example, the digit string will be recog- 
nized as a new number. This is not important provided 
RE-DIAL operation is not required. 


The alternative to the CE INTERNAL CONTROL MODE 
is to override the internal logic gate with an externally 
derived signal. This mode of operation is referred to as the 
CE EXTERNAL CONTROL MODE. Figure 7 shows that 
if CE goes to logic ‘1’’ in the absence of a keyboard input, 
a single pulse of duration tq is generated on M1. This pulse | 
is intended to initialize a bistable latching relay used as 
shown in Figure 12. Immediately prior to M1 going to 
logic ‘1’, the WRITE ADDRESS COUNTER is reset. 
All digits keyed subsequently are entered into consecutive 
RAM locations up to a maximum of 20. After the WRITE 
ADDRESS COUNTER has bean reset, the RE-DIAL input 
code will not be recognized by the circuit. It is necessary 
that CE be maintained at logic ‘‘0’’ > 1 us after Vpp is 
applied in order to ensure correct system initializing. If 
CE is linked to Vpp by the method shown in Figure 12, 
adequate delay is obtained. 


3.0 Data Entry — Data is entered to the circuit via a double 
contact keyboard connected as shown in Figure 10. Key- 
board inputs are active low and encoded as shown in 
Table 2. 


Keyboard Code 
Table 2 


No. of O/P 
ote Digit 


NOTE: ‘‘0” indicates pin taken low. 


Keyboard inputs are fully decoded eliminating any possibil- 
ity of invalid codes being recognized. A BCD format is used 
on-chip for data storage. Valid inputs have contact bounce 
removed via the debounce counter. Operation is illustrated 
in Figure 9. Input data is not written into the RAM until 
the input code has been present for a minimum of 3P and 
maximum of 4P (P = System Clock Period). The 1P 
uncertainty arises since data entry is not synchronized to 
the system clock. This is indicated by the shaded area on 
the keyboard entry waveform of Figure 9. The trailing 
edge of a keyboard entry is also debounced. The operation 
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FUNCTIONAL DESCRIPTION (Cont'd) 


of the debounce circuitry results in a maximum data entry 
rate of SYS CLK + 9. Referring to Figure 9, data must 
remain stable during the RAM data entry period. Maximum 
contact bounce rejection is 10 ms at 10 Hz, 6.3 ms at 16 Hz 
or 5 ms at 20 Hz impulsing rates. Minimum data valid time 
is 16.7 ms at 10 Hz, 10.4 ms at 16 Hz or 8.4 ms at 20 Hz 
impulsing rates. : 


Upon recognition of the first keyboard input of a number 
string, the dial out sequence is initiated by a pre-impulsing 
pause (Figure 7). The WRITE ADDRESS COUNTER is 


M1 


KEYBOARD 
ENTRY 


DP 


— ape eeat FP) 18 fe 


tq —e tq —e 
ci Le tg — Bs 


NOTES: 
it) tq = 10 x P (3) 
P = System clock period = T/30 
T is selected impulsing period (4) 
(2) Pre-impulsing Pause (PIP) = 8T + tg 


incremented on each digit entry. The contents of this 
counter indicate the length of the number to be dialled. 
The RE-DIAL code is recognized only if it is presented to 
the chip a maximum of 5P after CE = ‘’1’’. Decoding of 
RE-DIAL then inhibits the reset of the WRITE ADDRESS 
COUNTER, initiates the dialling sequence and the previous 
number string entered is dialled. If the circuit application 
is to utilize RE-DIAL, external CE control is necessary in 
some cases to ensure that CE = “1” from the first keyboard 
entry throughout dialling in order to ensure all digits 
entered are stored consecutively should a delay occur 
during dialling. 


DIALLING 
COMPLETE 


DIGIT 3 IMPULSED DIGIT 4 IMPULSED 


POIP 


Post-Impulsing Pause (POIP) is equal to tg ms on DF 320, DF322 and 
5T on DF320A. 

th/tm is the BREAK/MAKE RATIO. T = (tm + th) ms. 

tm = 10 x P for 2:1 M/S ratio. tr, = 12 x P for 3:2 M/S ratio. 


Loop Disconnect Dialler Timing Diagram CE—External Control 
Figure 7 


Pa ec nn ey ect a 
Vppb / 


SYS CLK 


M1 


KEYBOARD 
ENTRY 


DP 


DIGIT 3 
IMPULSED 


NOTE: 
(1) tj) = ton + tq where ton = Clock Start Up Time 


DIGIT 4 
iMPULSED? 
POIP 


Loop Disconnect Dialler Timing Diagram CE—Internal Control 
Figure 8 
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FUNCTIONAL DESCRIPTION (Cont'd) 


4.0 Dialling Sequence — The dialling or impulsing sequence 
is initiated on recognition of the first keyboard entry after 
CE = ‘‘1"'. The dialling sequence is identical for both 
internal and external control of CE. (See Figure 7 and 
8). 


The basic impulsing pulse train is derived from the TIMING 
COUNTER AND DECODE. The IDP is timed by forcing a 
code on the OUTPUT COUNTER and inhibiting DP for the 
duration of IDP. The READ ADDRESS COUNTER then 
addresses the RAM and the first digit is used to program 
the decode of the OUTPUT COUNTER. A number of dial 
pulses is output via DP corresponding to the BCD data read 
from the RAM. At the completion of the digit, the READ 
ADDRESS COUNTER is incremented. The sequence con- 
tinues until coincidence is recognized between the READ 
ADDRESS COUNTER contents and the WRITE ADDRESS 
COUNTER contents. The post-impulsing pause POIP, is 
then generated. The circuit then enters the dynamic standby 
condition if CE is maintained at logic “1” by external 
control, or the static standby condition if CE INTERNAL 
CONTROL MODE is used. 


Impulsing rates, impulsing mark-to-space ratio and inter- 
digital pause are programmable as shown in Table 1. 


—| P| 


The dialling sequence can be interrupted by applying logic 
“1° to HOLD. If HOLD = ’’1” is applied during dialling of 
a digit, the circuit does not enter the HOLD mode until 
the digit is complete. In the HOLD mode M1 = 0”, allowing 
the telephone line to be monitored. When HOLD is released 
dialling continues preceded by an IDP. (See Figure 8). 
HOLD is used to extend the IDP allowing intermediate dial 
tone recognition if RE-DIAL is used in a PABX for example. 
Operation can be manual or via external control logic as 
shown in Figure 13. 


NOTES: 


The keyboard input decoding is mask programmable to 
suit different input codes. 


The timing circuitry is mask programmable to give 
different M/S ratios and IDP values. 


The clock predivision circuitry is mask programmable 
allowing use of different crystal or external clock 
frequencies. 


The logic sense of DP, M1 and M2 outputs is mask 
programmable. 


KEYBOARD q 
ENTRY N 
DATA ENTRY 


TO RAM 
DEBOUNCED 


CONTACT 


NOISE 


SS 


Pld 
KEYBOARD | 
ENTRY 


Keyboard Input Debounce Timing Diagram 
Figure 9 


APPLICATIONS 


The circuit of Figure 10 shows a method of connecting the 
DF320 in parallel! with the telephone network. 


When the handset is lifted and power applied to the circuit 
Q2 is fed base current through R92 which in turn drives Q4. 
C2 is charged via Rg in series with Dj to (Vz1 — 0.7)V. 
When the minimum operating Vpp voltage is reached, 
power ON reset occurs via the CE network of Cy and Rg. 
Q2 is maintained in the ON condition by G1 while Q3, 
and hence Q4q, are held OFF by G9. The DF320 network 
appears in parallel with the telephone as an impedance 
> 10K {2 in the standby condition with the telephone 
network connected in circuit through Q}. 


On recognition of the first keyed digit, the DF320 clock is 
started. M1 then goes to logic ‘1’ causing Q2, Qq to turn 
OFF, and Q3, Q4 to turn ON. Hence the majority of the 
line loop current now flows through Qq, and Z1. When 


impulsing occurs Q3 and Qq are turned OFF by DP acting 
on G9. Line loop current is then reduced to approximately 
50 uA taken through Rg, Rq and G9 in series. 


When dialling is complete M1 goes to logic ‘‘0’’ causing the 
telephone network to be reconnected. The DF320 then 
returns to the static standby condition. If the line loop is 
interrupted by the cradle switch during dialling, impulsing 
will continue until C2 discharges to a voltage such that Rg 
pulls CE to logic ‘’0” causing the DF320 to reset. 


The diode bridge protects the network from line polarity 
reversal. 


The circuit of Figure 11 shows a simple method of series 
connection of DF320 into the telephone set suitable for 
PABX or short line applications. 


Siliconix 


APPLICATIONS (Cont'd) 


When the telephone handset is lifted,C 1 is charged via D1 
to (Vz1 — 0.7) volts and DF320 power ON reset occurs. 
When the first keyed digit is recognized, M1 goes to logic 
“1"" muting the telephone network by switching on the low 
ON resistance JFET Q4, and maximizing the line loop cur- 
rent for impulsing. Impulsing occurs through DP switching 
Q9,and hence 03,OFF. Rapid discharge of Cy through 21 
is prevented during line break by the blocking diode Dj. 


Q4 
Tees 


TELEPHONE 
LINE 


TELEPHONE 
NETWORK 


isa eeef 


When dialling is complete the circuit returns to the static 
standby condition and Q 1 is switched OFF. Circuit reset 
during a line interruption by the cradle switch is as for the 
parallel connection mode. 


If a requirement exists that no semiconductor components 


should appear in the telephone loop during normal speech, 
the circuit of Figure 12 is required. 


KEYBOARD 


DF320 Parallel Telephone Connection 
Figure 10 


TELEPHONE 
LINE 


TELEPHONE 
NETOWRK 


2 
2N4403 


3 
2N4400 


DF320 Series Telephone Connection 
Figure 11 
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APPLICATIONS (Cont'd) 


While the circuits of Figures 10 and 11 did not require a 
common keyboard contact, it is necessary to have a com- 
mon changeover switch in this case operating in conjunction 
with a bistable relay. In this application external control 
of CE is provided by the Ry, C2 network. If, when the 
handset is lifted, the relay contact is such that the DF320 
network is connected in circuit, it is necessary to initialize 
this relay to reconnect the telephone network. This is 
achieved by the single pulse which occurs on M1 if CE goes 
to logic ‘1’’ in the absence of a keyboard input (Figure 7). 


When the first digit is keyed, the DF320 network is con- 
nected into the telephone loop and the telephone network 


HOOK 


TELEPHONE 
LINE 


TELEPHONE 


NETWORK 


ale 


short circuited by the keyboard common switch. M1 then 
goes to logic ‘‘1’’ switching the bistable relay hence main- 
taining the DF320 network in circuit. Impulsing occurs 
through DP switching Q1 OFF which in turn switches Q9. 
When dialling is complete the bistable relay is pulsed, 
switching the telephone network back in circuit and short 
circuiting the DF320 network. 


The circuit of Figure 13 shows additional gating circuitry 
to provide an automatic access pause after the first digit is 
dialled, by controlling HOLD. This is useful in PABX 


applications, eliminating the need for a manual hold facility 
if RE-DIAL is used. 


Vpp ae. 
pp 


- Pave) 
M1 

R3 

Ya Y3 Yo Y1 X1 X2_X3 Vss Ua 
MRE 

Ce NATIONAL 

RSL-3 
alley } 


iar 


(4) IE) 


DF320 Bistable Relay Telephone Connection 
Figure 12 


Re-Dial with automatic single digit access pause for PABX 


CONTINUE 


SWITCH 2 X CD4001 
Oo 1X CD4011 
1 X CD4023 


TELEPHONE 
LINE 


TELEPHONE 
NETWORK 


DF320 Series Telephone Connection 
Figure 13 
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APPLICATIONS (Cont'd) 


The basic interface circuit is similar to that shown in 
Figure 11. Muting is achieved by Q3 and line switching by 
Q2 driven by Q1. 


In the ON-hook condition, Q1 is held OFF by G13 and 
standby current is supplied to the DF320 network by Rg; 
providing voltage limiting. CE is clamped to logic ‘’0’’ by 
G3. The DF320 is in the static standby mode and the 
previously dialled number is stored. 


When the handset is lifted, G13 goes to logic ‘0’ switching 
| Q4, and hence Q2,ON. The DF320 network Vpp is now 
given by (Vz2 — 0.7) volts. The DF320 remains in the 
static standby mode until the first key operation. Gq 
decodes the common key function toggling the latch 
formed by G2 and G3 causing CE = ‘1’. CE remains at 
logic ‘“1’’ throughout the remainder of the OF F-hook condi- 
tion ensuring that all digits keyed are stored by the DF320 
as one number string. (See FUNCTIONAL DESCRIP- 
TION, 3.0 DATA ENTRY). 


If the first key operated is RE-DIAL, this condition is 
decoded by G5, and via Gg sets the latch formed by G7 


O O O @ 
O O 

2 

Single Contact Keyboard Interface 
Figure 14 


Siliconix 


and Gg. Gg is enabled and the first dial pulse causes the 
latch formed by G11 and Gj2 to be set taking HOLD 
to logic ‘’1’". When the first digit is complete M1 goes to 
logic ‘‘0’’ enabling the telephone network. When dial 
tone is recognized the CONTINUE switch is operated 
causing HOLD = ‘’0” by resetting the latches formed by 
G11, G12 and G7, Gg. The remainder of the number is 
then re-dialled. Subsequent operation of RE-DIAL is 
blocked by Gg. 


Figure 14 shows a simple method of interfacing a single 
contact matrix-type keyboard to the DF320. Operation of 
a key causes the on-chip pull-up transistor of the Y input 
to provide base drive current to the corresponding X input 
external bipolar transistor, which sinks the X input pull-up 
current through its collector. Hence, a valid code is pre- 
sented. 


As an alternative to the crystal oscillator it is possible to 
operate the DF320 from an LC combination connected as 
shown in Figure 15. FO1 is connected to Vpp selecting 
the 932 Hz impulsing condition. An oscillator frequency of 
38.4kHz will give a 10 Hz impulsing rate. 


LC Oscillator 
Figure 15 
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DF328 


CMOS Loop Bis 
Disconnect Dialer BENEFITS smconnc 


° ® Eliminates the Need for Regulated Supplies 
designed for ove iN 0 2.5 V to 5.5 V Vpp Range 


@ Minimizes Power Consumption 


ae Push Button Telephones O Standby Dissipation <3 wW 
@ Low Cost 
ne Repertory Dialers O Simple Support Circuitry 
© No External Power Up Reset Compon- 
m@ Telex ents 
@ Minimizes External Components 
=# Mobile Telephones © On-Chip Circuitry for: Keyboard 
: . Debouncing; Last Number Repeat; Input 
m Security and Fire Alert Systems Termination 
"i @ Versatile 
ml Emergency Number Dialers O Selectable Mark/Space Ratio, Impulsing 
Speeds 
DESCRIPTION © Oscillator Uses Either LC Network or 
Crystal 


The DF328 monolithic CMOS Loop Disconnect Dialers each contain all the logic necessary to interface a standard double 
contact keyboard to a telephone system requiring loop disconnect signalling. 


A dial pulsing output and muting output are provided to control the impulsing (loop disconnect) and muting functions. 
The circuit is capable of storing a number string of up to 20 digits and re-dialing this stored number automatically at a later 
time, initiated by a RE-DIAL input code. Impulsing mark/space ratio (M/S) and impulsing rate are pin programmable to 
meet most telephone requirements. 

The use of Siliconix low voltage CMOS technology allows operation with an unregulated supply voltage down to a guaranteed 
minimum of 2.5 V. This feature, together with low operating current, negligible standby current and high noise immunity 
make the DF328 easy to interface from long telephone lines. 


External component count is minimized by the inclusion of an on-chip clock oscillator, high impedance pull-down termina- 
tions to programming inputs as well as pull-up terminations to the keyboard giving direct interfacing. 


The DF328 provides the functions most commonly required in the push button telephone application. M1 is the muting, 
output which remains at logic ‘’1’’ throughout the dialing sequence. 


FUNCTIONAL BLOCK DIAGRAM PIN CONNECTION 


FOI M/S 
O 


XTAL OUT O DUAL-IN-LINE PACKAGE 


READ ADORESS 
COUNTER 


CONTROL AND 
deat a STATE LOGIC 


TOP VIEW 


20 WORD 
x 4 BIT 
RAM 


ORDER NUMBER DF328DJ 
SEE PACKAGE 8 


ADDRESS DECODE 


£YBOARD DECODE 
AND DEBOUNCE 


ADORESS SELECT 
rE DF328DJ 
WRITE ADORESS 
COUNTER 
Glee XTAL ouT [8] 
as DO tas 


1X2 %9¥1¥2 V3 Ye 
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ABSOLUTE MAXIMUM RATINGS 


MOND) co ASS Ca on ee re —0.3Vto8V Power Dissipation (\Packageyaec. can ae = 450 mW 
Voltage on Any Pin...... Vss —0.3 V to Vpp + 0.3 V 


MOTE FAQ Ub lc) cose ce ho 8S ocak weeks 10 mA 
Operating Temperature.............. —40 to +85°C *Derate 6.3 mW/°C above 25°C. All leads soldered to PC 
Storage Temperature (JPackage) .... —65to+125°C board. 


ELECTRICAL CHARACTERISTICS 


All voltages referenced to Vss unless otherwise noted. 


Test Conditions Unless Noted 
Vpp = 3.0V, Ta = 25 C, 
fe_K = 3.579545 MHz 


Characteristic 


~ 
o 


We Pull-Up Transistor Source Current 0.5 


VIL Logic ‘’‘0’' Level 
VIH Logic ‘’1’’ Level 


ae 
as 


Sete 


ad 
fi et 
=o 
ck 
2.45 
Seek | 
aes omimenme 2 
oe) a 
M/S Mark to Space Ratio SC 
eueedstleve eet he 
M 
| Se 
Miers i Mem |r [aioe ee | 0 


*Typical parametric values are for Design Aid Only, not guaranteed and not subject to production testing. Timing waveforms are subject to 
production functional test. 
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INPUT OUTPUT SCHEMATICS 


M/S, FO1 X4, Xo, X3, V4. Yo, Y3, Yq 
Figure 1 Figure 2 


INPUT/ 
OUTPUT 


OUTPUT 


Vpb 
OUTPUT 7 
Vss 


XTAL OUT 
Figure 4 i Figure 6 


*Circuit protection not shown 


TYPICAL CHARACTERISTICS 


Typical Percentage Deviation 
of Dynamic Current vs 
Typical Quiescent Current vs Typical Dynamic Current vs Temperature (Normalized 
Temperature Supply Voltage (Vpp) to 25 C) 


3 
(=) 
i=) 


= 
(=) 
i=} 
o 


DYNAMIC CURRENT (%) 


Ipp — DYNAMIC CURRENT (uA) 


Ipps — QUIESCENT CURRENT (uA) 
Ipp — PERCENTAGE DEVIATION 


-60 -40 -20 By KS 
Ta — TEMPERATURE ( C) Vpp — SUPPLY VOLTAGE (V) Ta — TEMPERATURE ( C) 
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TYPICAL CHARACTERISTICS (Cont'd) 
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Typical Input Pull-Up Current 
Typical XTAL IN Input Clamp vs Supply Voltage (X14, X2, Typical Input Pull-Up 
Characteristics ‘ XB a Vilsay NO. 1s An) Characteristics 
Ta=25C At eZ5uc 


TYP TEMP. COEFFICIENT = —0.2%/ C TYP TEMP. COEFFICIENT = —0.7%/ C 
VALID ONLY IF CE =0 


XTAL INPUT SINK CURRENT (yA) 


yp — INPUT PULL UP CURRENT (uA) 
Iy_ — INPUT PULL-UP CURRENT (uA) 


TYP TEMP. COEFFICIENT = 0.7%/ 


-6 —4 =2 
XTAL INPUT VOLTAGE (V) Vop — SUPPLY VOLTAGE (V) Vin ~— INPUT VOLTAGE (V) 


Typical Input Pull-Down 
Current vs Supply Typical Input Pull-Down Typical Chip Enable Sink 
Voltage (M/S, F01) Characteristics Characteristics 


Tae C 
TYP TEMP COEFFICIENT = —1.0%/ C 


aN = 
TYP TEMP. COEFFICIENT = —0.2%/ C 


< 
aS 
e 
2 
Ww 
eg 
a 
=) 
Oo 
2 
= 
ie} 
a 
4 
a 
=) 
a 
— 
2) 
a 
2 
| 
= 


lj} — INPUT PULL-DOWN CURRENT (uA) 
li — CHIP ENABLE SINK CURRENT (uA) 


Vop — SUPPLY VOLTAGE (V) Vin — INPUT VOLTAGE (V) CHIP ENABLE INPUT VOLTAGE (V) 


Typical Output N-Channel Typical Output P-Channel 
Typical Chip Enable Source Drain Characteristics Drain Characteristics 
Characteristics (DP, M1) (DP, M1) 


Ta = 25 C 
TYP TEMP. COEFFICIENT = —0.3%/ C Cs 


Way 25NG 
TYP TEMP. COEFFICIENT = ~0.2%/ C 
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Ipp — P CHANNEL DRAIN CURRENT (mA) 


Ta =25C 
TYP TEMP. COEFFICIENT = —0.2%/ C 


1), — CHIP ENABLE SOURCE CURRENT (uA) 
IpN - N CHANNEL DRAIN CURRENT (mA) 


-2 


CHIP ENABLE INPUT VOLTAGE (V) Vps — DRAIN TO- SOURCE VOLTAGE Vps — DRAIN-TO:SOURCE VOLTAGE (V) 
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Table 1 
DESCRIPTION 


PIN FUNCTION 
VoD Positive voltage supply 


DP Dial Pulsing Output Buffer 


M1 Mask 1 (Buffered Output) = Logic ‘'1% during Dialling Sequence 


M/S Mark/Space (Break/Make) Ratio select. On-chip active pull-down to Vss. 


Note: O/C = Open circuit, see Figure 7. 


Impulsing Rate Selection. On-chip active pull-down to Vsg 


Nominal 


Fai Actual* System 
Impulsing Rate Impulsing Rate Clock Frequency 


10.13 Hz 303.9 Hz 


“Assumes fCLK = 3.579545 MHz 


932.17 Hz 2 Goon az 


CE Chip Enable. Input/Output, left open it is internally controlled by keyboard decode logic. Can be externally forced for manually 


enabling chip 
XTAL IN 
XTAL OUT 
VSss System ground 
X1.%2, X3 
Y1. 2. ¥3.%4 


FUNCTIONAL DESCRIPTION 


1.0 Clock Oscillator — The on-chip oscillator amplifier is 
connected between the XTAL IN and XTAL OUT pins. 
The oscillator is completed by connecting a 3,579,545 Hz 
crystal in parallel with a 10M Q2 resistor between XTAL IN 
and XTAL OUT. When CE = “0” an N-channel transistor 
clamp is activated, disabling oscillator operation. On the 
transition of CE to logic “1” a fast oscillator turn-on circuit 
kicks XTAL IN voltage to the amplifier bias point allowing 
oscillator operation within 4 ms. The basic clock frequency 
of 3.58 MHz is predivided by a programmable counter to 
provide the chip system clock. 


As an alternative, an LC oscillator can be formed as shown 
in Figure 14. Selection of fork = 38.4 kHz with FO1 
connected to Vop will give an impulsing rate of 10 Hz. 


It is also possible to control the DF328 from an external 
clock applied to XTAL IN. 


2.0 Chip Enable, CE — The Chip Enable pin is used to 
initialize the chip system. CE = ‘’0”' forces the chip into the 
static standby mode. In this mode the clock oscillator is 
OFF, internal registers are reset with the exception of the 
WRITE ADDRESS COUNTER and the circuit is ready to 
receive a new number or re-dial. While CE = “0” data can- 
not be received by the chip, but data previously entered 
and stored is maintained. When CE = ‘‘1” the clock oscil- 
lator is operating, the internal registers are enabled, and 
data can be entered from the keyboard up to a maximum 
of 20 digits. 


Crystal Input. Active, clamped low if CE = ‘‘0"’, high impedance if CE = ‘‘1”’. 


Crystal Output. Buffer to drive crystal. Capacitive load on-chip. 


Column keyboard inputs having active pull-ups to Vpp. Active LOW. 


Row keyboard inputs having active pull-ups to Vpp. Active LOW 


CE is primarily controlled by a logic gate with function 


F = KEYBOARD INPUT + M1 


where + denotes logical OR. 


To operate this gate, a resistor and capacitor should be 
connected in parallel between CE and V When the chip 
is used in the CE INTERNAL CONTROL MODE power ON 
reset occurs when Vop is applied, since a logic ‘‘O”’ appears 
on the CE pin. The chip remains in the static standby con- 
dition until it receives the first keyboard input after Vop is 
applied. This is decoded and causes CE = “1”, hence 
enabling the clock oscillator. The debounce counter is then 
clocked by the system clock until the valid data condition 
is recognized. Data is then written into the on-chip RAM. 
CE is maintained at logic ‘1’’ by M1 during dialling. 


The WRITE ADDRESS COUNTER is reset on recognition 
of the first valid debounced keyboard input provided that it 
is decoded during ty of the pre-impulsing pause PIP (see 
Figure 8). In the CE INTERNAL CONTROL MODE this 
condition will always apply. When all keyed digits have 
been dialled, M1 goes to logic ‘0O’’ and hence the chip 
returns to the static standby condition. If digits are sub- 
sequently keyed during the same OFF-hook period, after a 
pause in dialling for example, the digit string will be recog- 
nized as a new number. This is not important provided 
RE-DIAL operation is not required. 
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FUNCTIONAL DESCRIPTION (Cont'd) 


The alternative to the CE INTERNAL CONTROL MODE is 
to override the internal logic gate with an externally derived 
signal. This mode of operation is referred to as the CE 
EXTERNAL CONTROL MODE. Figure 7 shows that if CE 
goes to logic ‘1”’ in the absence of a keyboard input, a 
single pulse of duration tid is generated on M1. This pulse is 
intended to initialize a bistable latching relay used as shown 
in Figure 12. Immediately prior to M1 going to logic “1”, 
the WRITE ADDRESS COUNTER is reset. All digits keyed 
subsequently are entered into consecutive RAM locations 
up to a maximum of 20. After the WRITE ADDRESS 
COUNTER has been reset, the RE-DIAL input code will 
not be recognized by the circuit. It is necessary that CE be 
maintained at logic ‘O’’ > 1 us after Vpp is applied in 
order to ensure correct system initializing. If CE is linked to 
Vop by the method shown in Figure 12, adequate delay is 
obtained. 


3.0 Data Entry — Data is entered to the circuit via a double 
contact keyboard connected as shown in Figure 10. 


Keyboard inputs are active low and encoded as shown in 
Table 2. 


Keyboard inputs are fully decoded eliminating any possi- 
bility of invalid codes being recognized. A BCD format is 
used on-chip for data storage. Valid inputs have contact 
bounce removed via the debounce counter. Operation is 
illustrated in Figure 9. Input data is not written into the 
RAM until the input code has been present for a minimum 
of 3P and maximum of 4P (P = System Clock Period). The 
1P uncertainty arises since data entry is not synchronized 
to the system clock. This is indicated by the shaded area on 
the keyboard entry waveform of Figure 9. The trailing edge 
of a keyboard entry is also debounced. The operation of 
the debounce circuitry results in a maximum data entry 
rate of SYS CLK + 9. Referring to Figure 9, data must 
remain stable during the RAM data entry period. Maximum 


KEYBOARD 
ENTRY 


Keyboard Code 


eats tops [peo Xe [ne 
Ed oli 
fii, aaa loriane [oro 


NOTE: ‘’0” indicates pin taken low. 


contact bounce rejection is 10 ms at 10 Hz impulsing rate. 
Minimum data valid time is 16.7 ms at 10 Hz impulsing 
rate. 


Upon recognition of the first keyboard input of a number 
string, the dial out sequence is initiated by a pre-impulsing 
pause (Figure 7). The WRITE ADDRESS COUNTER is 
incremented on each digit entry. The contents of this 
counter indicate the length of the number to be dialled. 
The RE-DIAL code is recognized only if it is presented to 
the chip a maximum of 5P after CE = ‘1’. Decoding of 
RE-DIAL then inhibits the reset of the WRITE ADDRESS 
COUNTER, initiates the dialling sequence and the previous 
number string entered is dialled. If the circuit application is 
to utilize RE-DIAL, external CE control is necessary in 
some cases to ensure that CE = ‘’1”’ from the first keyboard 
entry throughout dialling in order to ensure all digits 
entered are stored consecutively should a delay occur 
during dialling. 


oa th Kin BREAK 


: ea Lp tek See SLL ee 


NOTES: 

Venta eat xP (3) 
P = System clock period = T/30 (4) 
T is selected impulsing period 

(2) Pre-Impulsing Pause (PIP) = 8T + tq 


oa 


DIALLING 


Ports eh COMPLETE 


DIGIT 4 IMPULSED ——= 
POIP 


DIGIT 3 teed 


Post-|mpulsing Pause (POIP) is equa! to tg ms 
tb/tm is the BREAK/MAKE RATIO. T = (tm + th) ms. 
tr = 10 x P for 2:1 M/S ratio. try = 12 x P for 3:2 M/S ratio. - 


Loop Disconnect Dialler Timing Diagram CE—External Control 
Figure 7 
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FUNCTIONAL DESCRIPTION (Cont'd) 


4.0 Dialling Sequence — The dialling or impulsing sequence 
is initiated on recognition of the first keyboard entry after 
CE = ‘1’. The dialling sequence is identical for both 
internal and external control of CE. (See Figures 7 and 8). 


The basic impulsing pulse train is derived from the TIMING 
COUNTER AND DECODE. The IDP is timed by forcinga 
code on the OUTPUT COUNTER and inhibiting DP for the 
duration of IDP. The READ ADDRESS COUNTER then 
addresses the RAM and the first digit is used to program the 


decode of the OUTPUT COUNTER. A number of dial 
pulses is output via DP corresponding to the BCD data read 
from the RAM. At the completion of the digit, the READ 
ADDRESS COUNTER is incremented. The sequence con- 
tinues until coincidence is recognized between the READ 
ADDRESS COUNTER contents and the WRITE ADDRSSS 
COUNTER contents. The post-impulsing pause POIP, is 
then generated. The circuit then enters the dynamic 
standby condition if CE is maintained at logic “1” by 
external control, or the static standby condition if CE 
INTERNAL CONTROL MODE is used. 


feces on a nate ern Seer ere) Perce) 
DO f 


SYS CLK 


M1 


KEYBOARD 


ENTRY sia iialm bee ts k-- 


DP 


ied egal es ss 


DIGIT 3 


aia Fae 


NOTE: 
(1) tj = ton + tg where toy = Clock Start Up Time 


DIGIT 4 
robe 


Loop Disconnect Dialler Timing Diagram CE—Internal Control 
Figure 8 
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ENTRY 
DATA ENTRY beds 
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DEBOUNCED 


KEYBOARD | 
ENTRY 


Keyboard Input Debounce Timing Diagram 
Figure 9 
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APPLICATIONS 


The circuit of Figure 10 uses a minimum number of 
components and provides very low current operation. 


When the handset is lifted, power is applied through the 
diode bridge to the dialer circuit. Current flows through 
Dy, CR, and Z9, establishing Vpp for the DF328 and 
charging Cy. When the minimum operating ‘voltage (Vpp) 
is reached, power on reset occurs via the CE network of Co 
and Rj. Initially, both DP and M, are LOW, giving a LOW 
at the gate of Q to hold it off, while the HIGH at the gate 
of Qs turns it on, connecting the telephone network. The 
current limiting diode, CR serves two purposes. First, it 
limits the total dialer circuit current drawn from the loop 
to less than 1mA, and secondly, maintains a high dialer 
circuit shunting impedance across the telephone set 
network. Z1 is a high voltage, high surge capability device 
which provides protection against loop transients and office 
inductance spikes. The device should limit all transients to 
less than the breakdown voltages of CR1, Q1 and Qs (100 
volts). 


On recognition of the first keyed digit, the DF 328 clock is 
started. M1 then goes HIGH, causing O5 to turn off and Q 
to turn on. This mutes the receiver in the network and 
allows loop current flow to continue through R3 and Q). 
When dial pulse breaks occur, DP will go HIGH, causing G3 
output to go LOW and turning off Q,. Loop current flow 
during breaks is controlled by CR1. 
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KEYBOARD 


When dialing is complete, M1 goes LOW causing Q, to open 
and the telephone network to be reconnected. The DF328 
then returns to the static standby condition and the 
oscillator is turned off. 


The diode bridge protects the dialer circuit from line 
polarity reversal. D1 prevents rapid discharge of C, during 
makes in dialing if the voltage across R3 and Qy is lower 
than the voltage across Cy. 


The VMOS devices combine low ON resistance and high 
breakdown voltage with very high input impedance. The 
high input impedance allows direct drive from CMOS logic 
and very low dialer circuit current consumption when 
compared to bipolar devices. This is important because of 
the wide variation in circuit operating conditions resulting 
from the need to accommodate both long and short loops. 


Another approach is illustrated in Figure 11. The circuitry 
is similar to Figure 10 except for the dailing and muting 
functions. During non-dialing periods when the phone is 
off-hook, both DP and M1 will be LOW. Q> will be held 
OFF by DP, allowing Q, gate voltage to equal the drain 
voltage. A bias voltage will exist from gate to source, 
keeping it ON and allowing current flow through the 
telephone network. Q3 is also held OFF by M1. This in 
turn allows Qq and Og to be ON. Since Qs is in series with 
the receiver, no muting occurs. 


NETWORK 


Q4 
VK1010 


Q2 
VK1010 


DF328 Dialer Circuit Connection 
Figure 10 
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APPLICATIONS (Cont'd) 


When a key is depressed for dialing, M1 goes HIGH, turning 
ON Qg3 and turning OFF Q4 and Qs, thus muting the 
receiver. DP goes HIGH during dial pulse breaks, turning 
ON Qo and turning OFF Qj. After dial pulsing is complete, 
DP and M1 return LOW, reconnecting the network and 
receiver for speech transmission. Qy and Qz should both be 
high voltage devices. 


If a requirement exists that no semiconductor components 
should appear in the telephone loop during normal speech, 
the circuit of Figure 12 is required. 


While the circuits of Figures 10 and 11 did not require a 
common keyboard contact, it is necessary to have a 
common changeover switch in this case operating in 
conjunction with a bistable. relay. In this application 
external control of CE is provided by the Rj, Co network. 
If, when the handset is lifted, the relay contact is such that 
the DF328 network is connected in circuit, it is necessary 
to initialize this relay to reconnect the telephone network. 
This is achieved by the single pulse which occurs on M1 if 
CE goes to logic ‘1’ in the absence of a keyboard input 
(Figure 7). 


When the first digit is keyed, the DF328 circuit is 
connected into the telephone loop and the telephone 
network short circuited by the keyboard common switch. 
M1 then goes to logic ‘’1” switching the bistable relay, 
hence maintaining the DF 328 network in circuit. Impulsing 


J552 (49100) (| ) 


XTAL IN 


XTAL OUT 


occurs through DP switching Q; OFF which in turn 
switches Qo. When dialing is complete the bistable relay is 
pulsed, switching the telephone network back in circuit and 
short circuiting the DF328 network. 


Figure 13 shows a simple method of interfacing a single 
contact matrix-type keyboard to the DF328. Operation of 
a key causes the on-chip pull-up transistor of the Y input to 
provide base driver current to the corresponding X input 
external bipolar transistor, which sinks the X input pull-up 
current through its collector. Hence, a valid code is 
presented. 


As an alternative to the crystal oscillator it is possible to 
operate the DF328 from an LC combination connected as 
shown in Figure 14, FO1 is connected to Vpp selecting the 
932 Hz impulsing condition. An oscillator frequency of 
38.4 kHz will give a 10 Hz impulsing rate. High values of 
inductance and Q should be used to ensure that the loop 
gain does not fall below unity. Typical values are given in 
Table 3 for F = 38.4 kHz. 


VK1010 
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NETWORK 
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DF328 Parallel Telephone Connection 
Figure 11 
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DF328 Bistable Relay Telephone Connection 


Single Contact Keyboard Interface 
Figure 13 


Figure 12 
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Stresses listed under ““Absolute Maximum Ratings”’ may be applied (one at a time) to devices without resulting in 
permanent damage. This is a stress rating only and not subject to production testing. Exposure to absolute 
maximum rating conditions for extended periods may effect device reliability. 


INO Uld PBLDG ‘JAMO M07 
NO Uld PBLOG 12M0d M07 
Ul SOD ‘18M0d M07 

Ul] SOWD ‘18Mod MOT 

Ul TLL ‘YeModg MO7 

U} TLL ‘4eMOdg MO} 
ayeW-BHojag-yeaHg 
sayddns A St 
ayeW-aHojag-yeag 
saddns A SL 
ayeW-B0j9g-HeWG 
saiddns A St 
AHEY\-B10j9 g-AeWG 


aBeyoed sed Seydy!IMS 1Sdd 2 


aiquedwod TLL 


aBex0ed 19d YO'UMS 1Sdd | 


INO Uld O6LDG 48MOd M07] 

INO Uld O6LDQ ‘4eM0d M07 

Ul] SOW) ‘J8MOd M07 

B09LL/NVP Ul SOWD ‘8M0d M07 
U} TLL ‘4aModg M07 

POOLL/NVE Ul TLL YeMod M07 
ayeW-aojeg-yeag 

(INO Uld LELDG) A891g-810j9g-9HeW 
sayddns A St 

SOLLL/NVP SXXW-210j9 9-898 
seyddns A SL 

LOLLL/NWE OEW-820j0 98-2349 
sayddns A SL 
ayxeW-aojag-jeag 


o-yl-o—___o  0-yl © 


ow lo——0 Owe 


eBeyoed sed seydyimMS 10dS 2 


uoneinByuod YdIIMS syUuSWIWWOD 


SaNnje/ “!e}@Pp 1OW 410} SJOaYS B1eP |ENPIAIPU!L 88S 


ooooo°oco 


Preferred Product Selector Guide 


-aBeqjoA Bojeuy pue abeyo/ Aiddng }0 uoNaUN e OS| 


= SE SL 
= SES SL 
ae She Sl 
a Sb- SL 
= Sli= Sl 
= St Sl 
S Sts SL 
S SU Sl 
S 0g OL 
S SEE Sl 
S 0gS OL 
S St- Sl 
S 0ZS OL 


=a Sis Sl 
a Ste St 
= Sia Sl 
< She SL 
r= Sis Sl 
= Ska St 
S Sie SL 
S Sk- SL 
S SET Sl 
S 02 — OL 
S Sk= SL 
S 02 — OL 
S Sl= SL 
S 0g — OL 


+A 
‘dns ‘dns ‘dns 
91607 (=) (+) 


(A) 
eBbeyoa Ajddns 


3do 


game ee ee ee 


Sous}! 


MS 


Analog Switches 


L 0s 
Ov 80 sz'0 L 0s 
Ov 8:0 Sz'0 £0 L 0S 
OLL Gis SLO Sz'0 L 0S 
OL ge SLO Sz'0 L 0s 
Ov 80 Sz'0 £0 L 0S 
Ov 80 Sz'0 £0 L 0s 
oc 80 £10 St'0 70 00€ 
4 8:0 £10 Sz'0 L SL 
4 80 €L0 gz'0 L SL 
4 80 €L°0 SLO L 0€ 
o4 80 £10 SLO L oe 
4 80 Sc'0 £0 OL OL 
oc 80 Sz'0 £0 OL 


L 0s 
Ov 80 Sz'0 £0 L 0s 
Ov 80 Sz0 £0 L 0s 
OLL Ge slt0 Sz'0 L 0s 
OLL Ge Sto Sz'0 L 0s 
Ov 80 Sz'0 £0 L 0s 
Ov 80 SZ'0 £0 L 0s 
oO? 80 £10 SLO 70 00€ 
4 80 OL s'0 L 0s 
4 80 €L'0 sz'0 L GL 
07? 80 L SZ 
4 80 L 0€ 
4 80 L oe 
4 80 OL OL 
oA 80 OL ol 


L0dS T3NNWHO OML 


LINE aNI 440, NO; (p 930N) 
oS ni = (pes7) (wu) (0) 
ously (H°)0 xe 
sjeae 21607 Bu1youms 1 (uo)sa, 


Bo|puy 


esi STi ‘SOND 10 SOWd S! YOUMS 134 & aay ‘se6e 0A Ajddns 40 
“‘pasn aie Gi F 4O seBeyor Aiddns uaym papaeu JON “pasn ae A Gl + > sabejon Aj 
-44O, ‘NO, jou ‘NOILISNVYL, si suaxejdijnu 10} 9pSUaIOeIeYO Buiyoums ayeudoidde ay) 

‘suBisep Mau 10j sued PapuaWLOdEJ a4e B9B4P/OF Ul UMOYS S8dIAd 


“A OL + 0} J0}SISO YUM sajeiado AjjeUOU 89!A8Q 


y xyyns ainjyesadwa} 10} a1e UMOYS 


GL— OFGL+ 
GL— OFGL+ 
GL— OFGL+ 
GL-— OSL + 
GL— OF GL + 
GL— O1SGL+ 
Gl =-0): SE 
GL- OGL+ 
OL— ©} SL + 
GL— 9} 0L+ 
GL- OGL + 
GZL— OF 0L+ 
GL—- OSL+ 
GzL_—- OF 0L+ 


GL— OGL + 


GL— OGL + 
GL— O1SL+ 
GL— OGL + 
GL— OF GL+ 
Gl" Ol Stat 
GL— OSL + 
GL— 9 SL + 
GL- OGL+ 
GL— O1GL+ 
OL— OSL + 
GL- 01+ 
GL— OSL + 
GZL_— O0L+ 
GL- 9 G1 + 
GZL—- OOL+ 


(py 930N) 


(A) 
e6uey 


e6aIjOA 
Bojeuy 


uonouny e si aBues e6eyoA Bojeuy 
ddns uaym pasn si A SL = BELAWN 


SOW) 
SOWD Ob SMId 
SOW) 
SOWD OF SMId 

. SOWD 
SOWD OF S"d 
SOW) 
1a4f-N 
134f-N 
144f-N 
Lasf-N 
134f-N 
134f-N 
134f-N 


SOW) 
SOWD OF Sd 
SOWS 
SOWD Ob SMId 
SOW) 
SOWD OF Sd 
SOW) 
134f-N 
SOWD OF Sd 

L3sf-N 
L34f-N 
134f-N 
L34f-N 
134f-N 
i34f-N 


edAl 
YdUMS 


p ay 


—-ANoOs 


‘S3LON 


sv0sod 
Vvseod 
y8eDa 
v90e90 
90€9Q 
vz0eod 
z0eoa 
y8z90 


g8L95a 


v8L5G 


e850 


ev0s5a 
voseod 
06e90 
VLOEDG 
Ay 9) 6) 
ve0esa 
09d 
06790 
€vz9a 


L6LDa 


06190 


({L 830N) 
‘ON 
ued 
o1seg 


3-1 


iconix 


Sil 


Ov {A 


e6ex9eq 18d YyOUMS 1SdS L 


rt@}-—-- FC 


ero Cle 


eBexdeq 16d SeydIMS 1SdS ¥ 


psn Gl prouee esa Gl a 


eBexseq 10d seydiIMS 1SdS Z 


aBexyoed Jad yo}IMS 1SdS |} 


uoneinBiyuod YyouiIMs 


“A OL + ©} JOXSISAJ YUM Sajesado AjjeWUOU adIAag 
“YW XWyNs ainjyesadwa} 10} ase UMOYS 
SANjeA “!eIap a10W 40y SJaays eYep jenpiAipul aag “eBeyoA Bojeuy pue abeyo, Ajddnsg 30 uonouny e osje s! STs ‘SQ~9 40 SOWd S! youms 134 e alayp, ‘SaBeyon Ajddns jo uoNoUN} e si aBued abeyor Bojeuy © 
"pesn aie G| F 40 saBex0A Ajddns uaym papaau JON ‘pasn aie A G| F > sabeyor Ajddns\uaym pasn si A G7, =J3IYA - 
‘440, ‘NO, jou ‘NOILISNVYL, 5) suaxajdnjnw 10} oNSHaIDeIeYD BuIlyoyms ayeudosdde ayy ° 
‘suBisap Mau 10} Sued papuaswWOdas a1e BDBYpjoq UI UMOUS SadIAep ay] “| 
*SSLON 


SES OuGt SOW) cv0sod 
SL— OGL + SOWD OF Sd VL8t9G 
Si OLS) + " SOW) L8€9d 
Gl Olas baa: SOWD Ob SNid vs0eDa 
SE SBOUG ist SOW) SOEDC 
SL— OLGE+ SOWD OF Sd VLOEDA 
SPOS Ne SOWS LOESa 
SL OU Si: 134f-N £8290 
OF O%.SE+ 1a4f-N 

GL—- OOL+ L34f-N 88L50 


aiqnedwod 711 Ov 80 S0 
INO Uld LBLDG 4eMod M07 Ov 80 SZ'0 
INO Uld £8LDG YMod M07 0'v 80 Sc0 
Ul SOW) 48M0d M07 OLL Ge Sl0 
SO9LL/NVF Ul SOWD 48Mod M07 OL Ge SLO 
Ul TLL 4eMod M07 Ov 80 SZ'0 
ZOOLL/NVF Ul TLL ‘JaMod M07 Ov 80 SZ'0 
SAEW-9840j9g-4e91g K4 80 €L0 
QOLLL/NWF saiddns A SL oc 80 £10 
SxeW-910j9g-ea1g 0c 80 €L0 

SOLLL/NWF saiddns A SL 07 80 €l0 GL OL Gt 134f-N 
SEW -910j9 q-4ea1g 4 80 €L0 Sicb = OL Ol 1asf-N 415d 

saiddns A Gt 0c 80 Sc'0 : GIL S01. Gi 1L34¢-N 
SHE W-340j9g-4e31g ord 80 Sz 0 i SiC Ov Olas 134f-N 98L50 


10dS 14NNVHO ANO 


Ul SOW) 3805 M07 O-LL Ge Sto : SE On Gi SOWD Ob Sid 60E5a 
Ul SOWD 3809 M07 OL Ss Sl 0 : Se Ota SOW) 80€5d 
Ul TLL SOD MO7 ve 8'0 Sv0 ; SESgOuG lst SOWD OF SNid ravaate) 
Ul TLL “SOD MO7 Vv 80 v0 i GeeO2S tat SOWD OF S"Id LLZOG 
Up TLL = v7 80 G0 ; Gl eeuSlia: SOWD OF SNid coz5a 
Up TLL ra vc 80 G0 : Sh=aOusts SOWD OF Sid vtozoa 

VOETL/NVEF = (€ B3}0N) vc 80 G0 j SL ONSE + SOW)D Loca 


1SdS T3NNVHO YNO4 


ajqnedwoy Fit 07? 80 G0 

INO Uld L8LDG ‘Yemod MO7 (oh 7 80 SZ'0 
INO Uld L8LDG ‘18M0d MOF Or 80 Gz 0 

Ul SOIND “J8MOg MO7 OLL Ge SLO 
GOOLL/NWP Ul SOIND ‘4aM0g M07 OL Ge Sto 
Ul TLL ‘4aMog MO7 Ov 80 GZz'0 
LOOLL/NWP Ul TLL “4eaMog MOT Ov 80 Sz0 
uonsalu) aBieys MOF 0 07 80 €1°0 

Ul TL _ vz 80 G0 

EOETL/NVEF (E SION) ve 80 $0 

ZOLLL/NWF seddns A G1 07 80 el 0 
ayeW-Hojag-yeag 07 80 E10 

LOLLL/NVF seuddns A gL or 80 EL'0 
ayeYW\-s0jag-yeag 07~ 80 €1°0 

sayddns fA SL 07 80 92°0 
SaYeW\-BOjag-jeag 07 80 Sc'0 


iSdS 13NNVHO OML 
ajqnedwod Fit z 80 s0 
1SdS TANNVHO JT9DNIS 
FELON NO, (p 820N) (y @20N) (L 20K) 
(2e87/) (wu) (U) (A) edAy ‘ON 


sjuewwos : (A) ewiy (0), er e6uey youms weg 


sj@ae7 31607 Guu ae ebaijon 
eBejoq Aiddns 3doO UIYIUMS (4o)sd, Reet o1seg 


(p,guo>) soudzims Bojpuy 


SSRKRSSZRSSRBSB 


SU Oust SOWD Ob SNId Lyosoa 
Gb — OU.St+ SOWD OP SNId VL8eoq 
SES OUSis SOW) l8€9a0 
St SeOUGl as SOWD OF Sid Vr0eod 
SU Oustis SOW)D poeDG 
SUSOUGE SOW) OF S"Id vo0esa 
GP OUGia SOWS 00e5a 
SU— ON St L34f-N L8z9a 
Gh= 302 StF SOWD Ov SNid vo0z5a 
Stix 0}. St SOW)D 00ZDG 
OL-— OL+ 
GL— O01 + 134f-N etoa 
S2— 9 Obs 
Gch = OF Oka: Ladf-N L8L5q 
G2Z- 10L+ 
ScL—- 0OL+ La4f-N ost5a 


COnmr KKK NNNRP ee eee eM 
HSPSBRERRESSSSRRBRB 


ro 


SiS sOuSt SOWD OF Sid 0v0SDa 


HNin INI, 


@PIND 10439]9S JINpojd passajaig 


iconix 


Ss 


3-2 


5-Channel SPST PMOS _ ~ 
Switches with Drivers eae 
designed for é: eels BENEFITS 


@ Minimizes Standby Power Requirements 


= Communication Systems 0 650 yW 


® Low Leakage 


= Portable, Battery Operated Units Oo <1nA 


@® Reduces External Component Requirements 


Be Make-Before-Break Switching O Internal Zener Diodes Protect All MOS 
i.e. Feedback Resistor Switching me 
in Variable Gain Op-Amps 


DESCRIPTION 


The DG123 contains five MOS field-effect transistors designed to function as electronic switches. Level-shifting drivers 
enable a low-level input (0.4 to 1.3 V) to control the ON-OFF condition of each switch. In the ON state each switch con- 
ducts current equally well in either direction, and in the OFF state the switches will block voltages up to 20 V peak-to-peak. 
In the OFF state, total circuit power dissipation is < 0.5 mW. Positive logic ‘’1’’ at the input turns the switch ON. Switch 
action is make-before-break. Not recommended for new designs. 


FUNCTIONAL DIAGRAM , SCHEMATIC DIAGRAM 


TYPICAL 
SCHEMATIC 


> 
ca 
ON 
OFF 


CHANNEL 4 


(INHIBIT) 


SWITCHES CLOSED FOR LOGIC ‘'1"" INPUT 
(POSITIVE LOGIC) 


PIN CONFIGURATIONS 


J ty 


- 
iat 


CHANNEL 3 


Flat Package Dual-In-Line Package 


it 


S3 
Sa CHANNEL 2 
S5 
V+ 
Vp (INHIBIT) 


CHANNEL 1 


TOP VIEW 


t 


7 8 
TOP VIEW 


ORDER NUMBER: ORDER NUMBERS: 
DG123AL DG123AP OR DG123BP 
SEE PACKAGE 5 SEE PACKAGE 11 
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DG123 


ABSOLUTE MAXIMUM RATINGS 


Current (Any Terminal) 


Storage Temperature 


-65 to 150°C 


Operating Temperature (A Suffix) —55 to 125°C 


Power Dissipation” 
Flat Package*™* 
14 Pin DIP*** 


(B Suffix) —20 to 85°C 


* All leads soldered or welded to PC board. 
*Derate 10 mW/°C above 75 C. 
***Derate 11 mW/°C above 75 C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


MAX LIMITS 


CHARACTERISTIC A SUFFIX 


Drain-Source 
ON Resistance 


Source OFF 
Leakage Current 


Drain OFF 
Leakage Current 


Channel ON 
Leakage Current 


'S(off) 
ID(off) 


'D(on) * 'S(on) 


Logic Input Current, 


| 
INL Input Voltage Low 


VINH Input Voltage, High 
Turn-ON Time 0.3 


babe 
10|° y [toff Turn-OFF Time i Glare e 
: Source OFF 
11 C ip 
~- sii: Cobprttence se ea al = 
Drain OFF 
2 ee Capacitance Rid Dade Soda. 


Off Isolation Typ > -50 dB at 5 MHz* 


14 Positive Supply Current Saag eer 


aly i= sNegative Supply Current | Supply i= Negative Supply Current | 


Reference Supply 
iu 
RISER Rebeditbistaateccels 


17 Positive Late a ea Current 


bs t— —sNegative Supply Current | Supply a 


Reference Supply 
Ay 
Current 


*Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


SWITCHING TIME TEST CIRCUIT 


TEST CONDITIONS, UNLESS NOTED: 
V+= 10 V, V— = —20 V, Vp =0 


Ig =-1 mA, 
liN=1mA 


Vin =0.4 V 


liN=1mA 


Vs = 0) lip 0 


Wyse Oral he =il6, 


Ri = 10082, C, = 3 pF 


I} = 1 mA, One Channel ON 


Vin = 0.4 V, All Channels OFF 


IBAF-A+MABA 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vg may be + or ~as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 


spikes at leading and trailing edge of output waveform. 


LOGIC ‘1 = SW, ON SWITCH 
LOGIC 2.4V INPUT 
INPUT 
ty < 10 ns : Vg =+10VO 


tp << 10 ns IN, 
LOGIC 
INPUT 
SWITCH 
INPUT 


SWITCH 
OUTPUT 


SWITCH 
OUTPUT 


OVo 


(REPEAT TEST FOR 5 CHANNELS) 
—20V 


Re 


Wait 
QaaS 
Ri + 'ps(on) 
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TYPICAL CHARACTERISTICS 


'DS(on) vs Vp and Typical delay, rise, fall, settling times, and 
Temperature Capacitance vs Vp switching transients in this circuit. 


V+=10V 

V-=-20V , 

® TEST 125°C 

ee] 3 Uy 
AND 25°C Cp (off) gt: 


“c 
& 
uw 
ce 
2 
<x 
E 
Oo 
<< 
a 
xt 
oO 
| 
Oo 


Vp/Vg — DRAIN/SOURCE VOLTAGE (VOLTS) Vp/Vs — DRAIN/SOURCE VOLTAGE (VOLTS) 


'DS(on) ~ DRAIN SOURCE ON RESISTANCE (OHMS) 


If RGEN, Ri or Cy is increased, there will 
be proportional increases in rise and/or fall 


Switching Time vs Vp ID (oft)/!S(oft) VS RC times. 


and Temperature Temperature 


yas 


CURRENT (mA) 


LY 
Vin — LOGIC INPUT 


t — TIME (ns) 


— | (off) (B SUFFIX) 
= ISioff) (A SUFFIX) 


q \ 
NT 


AIAN ts 
Nill 


SS EE a —— — —— 

+, SoA he ee a 
=—55 30 —-15 5 25 45 65 85 105 125 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Supply Current vs 
lin vs Viqy and Temperature Temperature 


ea Si iemotte TY | 


PEE 


Po a 
EA a ei Aiea aT 
Se AS, 


Iypyy — LOGIC INPUT CURRENT (mA) 
| — CURRENT (mA) 


Vo — OUTPUT VOLTAGE (VOLTS) 


0 
-60-40 -20 0 20 40 60 80 100 120 140 


Vin — LOGIC INPUT VOLTAGE (VOLTS) T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


i Ry = 1002 lll 

SPST SIGNAL 

ICSAC see 30FT 
TTT = 


RL = 1K 2 


Mn! 


ea! a BT 
“OFF” ISOLATION = 20 LOG — +; 


iV, | L! t — TIME (us) 
A - DRAIN OF “OFF” SWITCH 
B - SOURCE OF “OFF” SWITCH 


IVyyl/IM_| — “OFF” ISOLATION (dB) 


f — FREQUENCY (Hz) 
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DG125 
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Siliconix 


5-Channel SPST PMOS 
Switches with Drivers 
designed for... BENEFITS 


° ® ® Minimizes Standby Power Requirements 
=# Communication Systems (Gear 
° @® Low Leakage 
= Portable, Battery Operated Units °°" '*** 
ey Make-Before-Break Switching @ Reduces External Component Requirements 
: ° ; 5 O Internal Zener Diodes Protect All MOS 
i.e. Feedback Resistor Switching Gates 


in Variable Gain Op-Amps 


DESCRIPTION 


The DG125 contains five MOS field-effect transistors designed to function as electronic switches. Level-shifting drivers 
enable a low-level input (0.4 to 5 V) to control the ON-OFF condition of each switch. In the ON state each switch conducts 
current equally well in either direction, and in the OFF state the switches will block voltages up to 20 V peak-to-peak. In 
the OFF state, total circuit power dissipation is < 0.5 mW. Positive logic ‘‘1’’ at the input turns the switch OFF. Switch 
action is make-before-break. Not recommended for new designs. 


FUNCTIONAL DIAGRAM SCHEMATIC DIAGRAM 


S5 S4 $3 S2 Sy 


ON 
OFF 


He 
Le 


CHANNEL 4 


SWITCH STATES ARE FOR LOGIC ‘'1"' INPUT 
(POSITIVE LOGIC) 


i 


IN3 0 CHANNEL 3 Bhs 
PIN CONFIGURATIONS Se. 
Flat Package Dual-In-Line Package 
V, (ENABLE) 
Ns a | 
IN 
; a oe IN, CHANNEL 1 fae 


TOP VIEW 


ORDER NUMBER: DG125AL ORDER NUMBERS: 
SEE PACKAGE 5 DG125AP OR DG125BP 
SEE PACKAGE 11 
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ABSOLUTE MAXIMUM RATINGS 


Pes ek ee re) hee iia) .0.) ml wile) s 6). emer el el om el we) wt callie! ‘ei, ce! oe 


Ma Reyes Te eS) 1g) we etre ley wr Le (ele we) wre. ste, (ee, ee, Tee 
Ce ReLea as See el eae) waKe lie \ aay wy, 0, /eite) aya we ie wi te) ipl (le tia 
Seimei es aitet)'s wl efile « Je) 0) ‘ejiieye © «, 0 e)le © a 9 oe fm S& eo Le 
SRERSeMtaOv Smashes. fs) ee OM Ye apts) 8) ele e! we meee we) Selle le | Ome 
Daeeens ee! sale fe) eo © ote (ese! ey elhie = salle ocd ce i.e: fe aie 
ares >) sie, 8's ‘auue eee mT Kenan ay ya ee ae ee le wile 


siiettew =| s iaits. cj /ef ws le iw mie ie es! (ole 


ELECTRICAL CHARACTERISTICS 


36 V SEONAGE PEMDEFOLUITE ia Wik, a cue ad we hy eae —65 to 150°C 
36 V Operating Temperature (A Suffix)...... —55 to 125°C 
36 V (B Suffix} @oary | —20 to 85°C 
25 V Power Dissipation” 

25 V FIAIE PACKS ry wm bk vasetics csptice pethus malahedeed Coe ees 750 mw 
30 V Ee TS ON Slit aA RAEN, cttuPlncatedecce gel wp tem mee gh 825 mW 
30 V “All leads soldered or welded to PC board. 

6V *Derate 10 mW/°C above 75°C. 
30 mA 


***Derate 11 mW/°C above 75°C. 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with-specifications. 


CHARACTERISTIC 


-55 C 


E 


MAX LIMITS 
UNIT 


TEST CONDITIONS, UNLESS NOTED: 
Vri= 10 Vi V—='—20 ViVi = 4.5 V 


Drain Source a lg =-1 mA, 
: Beecune 2 i Den 
WwW 
| Source OFF a #3 is o ai Ky 
4 ss IS(off) Mesladelciment i 1000 5 100 Vs 10 V, Vp =10V 
Vin =4.1V 
5 4 raed 1 4000 10 300 Vp =-10V, Vg = 10 V 3 
D(off) Leakage Current D uS 
Channel ON 
= = =O05V 
'D(on) + 'S(on) Leakage Current eee 4000 300 Vp =10V,Is5=0 Vin = 0.5 


ae Input Current, 


| 
INL ae Voltage Low 
Logic Input Current, 
Vin =4.1 V 
NINH Input Voltage High IN 
me Turn-ON Time 
See Switching Time Test Circuit 
ly fede) Vey aTurn-OFF Tima. «| Turn- fede) Vey aTurn-OFF Tima. «| Time 


Source ORE 


Viet Ori 20 
VipG10), Ig =0 


Ry = 10082, CL = 3 pF 


f= 1MHz 
2 CD (off) 


Capacitance 
Off se Sal oe ee ne Go ee Typ > -50 dB at 5 MHz* 


cal ii) | ROE SA 
i a a rr a 
Pept oeareme | | eee el sf, 
(|e ont epee sf 
ee recites ye eer 


*Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


Vin = 0.5 V, One Channel ON 


uA Vin = 4.1 V, All Channels OFF 


IBAF-B +MABA 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vc = constant with logic input waveform as shown. Note that Vis may be + or ~ as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate Capacitance may result in 


spikes at leading and trailing edge of output waveform. 


Vv 
LOGIC "0" = SW ON L Mies 
O O 
LOGIC’ gy 
ie 21 SWITCH SWITCH 
aoe pom INPUT S$ b OUTPUT 
t 10 ns zi Vv 
f 5 r Vg=+t10V 0 OVO 
LOGIC IN, a 
INPUT 35p 
SWITCH vy 
INPUT res 
SWITCH 
OUTPUT = 


(REPEAT TEST FOR 5 CHANNELS) 
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TYPICAL CHARACTERISTICS 


DG125 


DS(on) VS Vp and 
Temperature Capacitance vs Vp Typical delay, rise, fall, settling times, and 


switching transients in this circuit. 
SS ty 3 hohe | [les| Ly 
I—F V+=10V 


Vp/Vg — DRAIN/SOURCE VOLTAGE (VOLTS) Vp/Vg — DRAIN/SOURCE VOLTAGE (VOLTS) lf RGen, RL or Cy is increased, there will 
be proportional increases in rise and/or fall 
Switching Time vs Vp I D(oft)/!s(ott) RCHines! 
and Temperature vs Temperature 


: oon ey , 


= 
Ip (off) (B SUFFIX) Sis = 
Ds fla 

uv 


= 
zA 


PT 77 YT 
PL A AZ 


/ ABERIIII 
if? 


Va 
fl / 
C — CAPACITANCE (pF) 


'DS(on) — DRAIN SOURCE ON RESISTANCE (OHMS) 


Ze 


eee 
St 
GSS oe! 
LL fageciwor] 1h 


ID (off) (A eal a T 


t — TIME (ns) 


_—~ Is (off) iB SUF 
- Ig (off) (A SUF 
i 


9) 
-55 -35'-15 5 25 45 465 (85° 105 125 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Vin — LOGIC INPUT VOLTAGE 


ID (off) OR Is (off) = LEAKAGE CURRENT (nA) 


Supply Current vs 
Temperature 


{ — CURRENT (mA) 


fee see || ae 
ER |) 
MMM os 


0 
-60 -40 -20 0 20 40 60 80 100 120 140 


Vo — OUTPUT VOLTAGE (VOLTS) 


T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


SIGNAL 
SOURCE B 


gen ee 


L! 
A - DRAIN OF “OFF” SWITCH t — TIME (us) 
B - SOURCE OF “OFF” SWITCH 


iv 
“OFF” ISOLATION ® 20 LOG rai 


Miyi/IV_l— “OFF” ISOLATION (dB) 


f — FREQUENCY (Hz) 
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2-Channel Drivers with SPST =—s 
and DPST FET Switches Siliconix 


designed for eo 8 o%; BENEFITS 


@ Switching High Frequencies © Higher Signal Bandwidth Switching Capa- 
bilities 
= Switching in Satellite © OFF Isolation > 60 dB @ 1 MHz 
Applications ® x a Radiation Resistance than PMOS 
rivers 
@ Portable, Battery Operated Woe 
e e é @ Minimizes Standby Power Requirements 
Circuits O <1 mW Standby Power 
® ® e e ® L i | Di i 
B Low Signal Distortion Switching Sk sania Ko alah iad 
Circuits such as Audio Switching © Constant ON Resistance 


DESCRIPTION 


These switching circuits contain two channels in one package; each channel consists of a driver circuit controlling SPST or 
DPST junction FET switches. The driver interfaces with DTL, TTL or RTL logic signals for multiplexing, commutating, 
and D/A converter applications. Logic ‘1’’ at the input turns the FET switch ON, and logic “0” turns it OFF. Switches 
have make-before-break action. It is recommended that the DG185 and DG182 be used for new designs. 


PIN CONFIGURATIONS SCHEMATIC DIAGRAMS 


Flat Package Dual-In-Line Package 


Vp (ENABLE) 


IN4 


$4 


TOP VIEW 
TOP VIEW 


ORDER NUMBER: ORDER NUMBERS: 
DG126AL DG126AP OR DG126BP 
SEE PACKAGE 5 SEE PACKAGE 11 


Vp (ENABLE) 


Vr (ENABLE) 


IN, 


aes 
TOP VIEW 


7 
TOP VIEW 


ORDER NUMBER: ORDER NUMBERS: 
DG134AL DG134AP OR DG134BP 
SEE PACKAGE 5 SEE PACKAGE 11 
*Common to Substrate and Base of Package 10 
SWITCH STATES ARE FOR LOGIC °1" INPUT Vip (ENABLE) 
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DG126 DG134 


ABSOLUTE MAXIMUM RATINGS 


V+to Vee ci ce cece we. Bek. ee. OR? 36 V Current (Any Terminal) @ set 8.2% Be ae ae 30 mA 
fares Vp», | |. cn eR aNNeas see Sekine oy ee 36 V Storage Temperatuke: nox - - seme, soe ee -65 to 150°C 
VOR COW oe een hari heee sit Nem Sem 36 V Operating Temperature (A Suffix)...... —55 to 125°C 
BT LON Sieg tae yk Saher case tet od aca a eas ee too (B. Suffix): aman —20 to 85°C 
Vea re Be lat coe Mek apes airy 6 ier Le ee Pin bn 25 V Power Dissipation” 

UR tO Veil ee oe. Chlakthiass Oe 5 Cerca 25.V Flat: Package-@. .% . &... a". . eee Ee 8k SO rAW. 
NY NL TOW aaa’ Peri le ce oe abe catiitgis to ae ens 30 V 14Pin DIP’ **) 2.30... 825 mW 
VA, to VIN aimee + vitotiede see: crue yerysht ome 25 V *All leads welded or soldered to PC board. 

VIN, TOLM Pies hci Cote onah ss angie sf = ve +6 V **Derate 10 mW/°C above 75 C. 


***Derate 11 mW/°C above 75 C. 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC DG126A, DG134A DG126B, DG134B UNIT V+=12V, V—=—18 V, V\ =0 


tA 
i 


Drain-Source Vip On, Ig =-10 mA, 


ton Turn-ON Time 
toff Turn-OFF Time 


Source OFF : 
4 as Veo= = 
CS(off) Capacitance oS oo ae: S 
= 1 MHz 


é Drain OFF 
D(off) Capacitance 


Channel ON ; ‘ 
Off Isolation Typ > 60 dB at 1 MHz** Ripa See 
| Positive Supply Current 
| 


Negative Supply Current 


See Switching Time Test Circuit 


3] $f Source OFF br Bre a Si a Vs = 10V. Veena 
4 S(off) Leakage Current 5 100 Vso=8V,Vp=-8V 
\ 2 e Vin = 0.8 V* 
5] Drain OFF RR ee eos eet en eee were Vo Oe | 
Cl ID (off) a 
iN os ea Channel ON iri ee lel eaatealh a Vp = Vs = -10V at em bees 
Input Current 
’ } i 4 4 V ==) Omvas 
i HNL Input Voltage Gow ee Boe oes ee » : 
oo HA 
Input Current 
| < its} 100 100 V =25.\— 
es al 


iE 
no 


2.4 Typical * * Vp =0,Ils5 = 0 


RS) 
on 


al als Ree ees te 
Nee Soe a ET 


Vin = 2.5 V, One Channel ON 


Reference Supply 
Current 


. eo at | ama 


S 
Ul) 
P 
Ply 
L 
[mati upp care 


| Reference Supply 
Current 


*Viny must be a step function with a minimum rise and fall rate of 1 V/us. LODC + NC 


A Both Vi, = O*, All Channels OFF 


t= 


> 


wp |; eHTo}]; oO | OI|w 


**Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


12V 
LOGIC ‘1 = SW. ON ee 
INPUT et SWITCH 
INPUT 
ty < 10 ns 2.5 ton, +Vg OUTPUT 
; ; t Vv Vo 
tp << 10 ns 0 off. S 


LOGIC 


SWITCH © aye INPUT 


INPUT 


a (REPEAT TEST FOR S3 
SWITCH 0 AND IN», Sp AND Sq) 


OUTPUT 


Vs 10 V A SUFFIX Ry 


Ve - °8V B SUFFIX MOMS ie 5 
s Ri + 'psion) 
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TYPICAL CHARACTERISTICS 


"DS(on) VS 
Temperature Capacitance vs Vp Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


ve Lod 9Ziod 


25 50 75 100 125 —10 -8 -6 -4-2 0 2) 4 68) 10 
T — TEMPERATURE (°C) Vp — DRAIN VOLTAGE (VOLTS) 


C — CAPACITANCE (pF) 


'DS(on) — DRAIN-SOURCE RESISTANCE (OHMS) 


lf RGEN, RL or Cy is increased, there will 


Switching Time vs Vp be proportional increases in rise and/or fall 


and Temperature Is(off) Vs Temperature RC times. 


1000 == 
SScsne 


——— i 
r 


| 


t — TIME (us) 


4 
= 
| el 
2 
wi 
cc 
co 
=) 
oO 
uw { 
w 
1) — 
Ww 
oO 
x L 
5 Z 
[o) a 
n 
| 


bar ct 


Vin — LOGIC INPUT VOLTAGE 
(VOLTS) 


's(off) 


—55'—35 —15 5 25 45 65 85 105'125 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Supply Current vs 
Vin vs Temperature Temperature 


(Zo 
a OIL Ve >| 
es a | rang 


| — ON SUPPLY CURRENT (mA) 


Vin — INPUT THRESHOLD VOLTAGE (VOLTS) 


26 0)t25), On 2b S0 ai 5 9.100 «125 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Vo — OUTPUT VOLTAGE (VOLTS) 


SOUudLIMS Bojpuy 


“OFF” Isolation vs Ry 
and Frequency Equivalent ‘‘OFF” Circuit 


Vin/V_ — “OFF” ISOLATION (dB) 


6 
=+12V, V—=—18V = TOR 0 1.0 ZO 1.0. | bw 430 
=0,R, = 752 


t — TIME (us) 


f — FREQUENCY (Hz) 
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DG129 DG133 


2-Channel Drivers with SPST re 
and DPST FET Switches Siliconix 


designed for eede BENEFITS 


e e e ° @ Higher Signal Bandwidth Switching Capa- 
= Switching High Frequencies tee 

O OFF Isolation > 60 dB @ 1 MHz 
@ Better Radiation Resistance than PMOS 


= Switching in Satellite 


Applications Drivers 
O Bipolar Drivers 
i Portable, Battery Operated ® Minimizes Standby Power Requirements 
Circuits O <1 mW Standby Power 


@ Less Signal Distortion than CMOS or PMOS 
m Low Signal Distortion Switching puecics | 
C ° A is ; O Constant ON Resistance 
Circuits such as Audio Switching 


DESCRIPTION 


These switching circuits contain two channels in one package; each channel consists of a driver circuit controlling SPST or 
DPST junction FET switches. The driver interfaces with DTL, TTL or RTL logic signals for multiplexing, commutating, 
and D/A converter applications. Logic ‘’1’’ at the input turns the FET switch ON, and logic “0” turns it OFF. Switches 
have make-before-break action. It is recommended that the DG184 and DG181 be used for new designs. 


PIN CONFIGURATIONS SCHEMATIC DIAGRAMS 
V+ 


Flat Package 011 


Dual-In-Line Package 


Vp (ENABLE) 


IN, 


Sy 


ve TOP VIEW 
TOP VIEW 


ORDER NUMBER: ORDER NUMBERS: 
DG129AL DG129AP OR DG129BP 
SEE PACKAGE 5 SEE PACKAGE 11 


O 
Vp (ENABLE) 


Vp (ENABLE) 


IN, 


Sy 


tee vi “oe Tor Nice 
ORDER NUMBER: ORDER NUMBERS: 
DG133AL DG133AP OR DG133BP 
SEE PACKAGE 5 SEE PACKAGE 11 


*Common to Substrate and Base of Package 


SWITCH STATES ARE FOR LOGIC ‘1 INPUT 


Vp (ENABLE) 


3-12 Siliconix 


ABSOLUTE MAXIMUM RATINGS 


Current (Any Terminal) 
Storage Temperature -65 to 150°C 
Operating Temperature (A Suffix) —55 to 125°C 
(B Suffix) —20 to 85°C 
Power Dissipation” 
Flat Package* * 
14 Pin DIP*** 
*All leads welded or soldered to PC board. 
**Derate 10 mW/°C above 75°C. 
***Derate 11 mW/°C above 75°C. 


€€LOG 62L9G 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 


parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 
CHARACTERISTIC DG129A, DG133A Yeon eee TEST CONDITIONS, UNLESS NOTED: 


Drain-Source 30 Net oY | 
10) 


| 
ON Resistance ea eae 


Source OFF 1 


Drain OFF 
Leakage Current 


Ig = -10 mA, 
Vin = 2.5 V* 
MiSt se LO VARY Gye aOR, 

Vice= SV, Vp =a—-8 V 

Vin = 0.8 V* 
Vp =10V, Vg =-10 V 


Vp =8V,Vs=-8V 


Channel ON 
Leakage Current 


5 
| Input Current, 5 
INL Input Voltage Low : : 


Vp= Vei— 10 
'D(on) + 's(on) 


-100 


=) nn 
> © 
< 
O 
< 
n” 
" 
! 
ioe) 
< 


Vin = 0.8 V* 


nC 
7hs) 
100 
4 
I t t 
nput Current, 100 


I 
INH Input Voltage High 


MIN 200 


Turn-ON Time 


as 
ie} 
= 


0 
5 
5 
5 
0 
1 

See Switching Time Test Circuit 
2 


Turn-OFF Time 1.6 
Y Source OFF 

4 ical = = 
N eet) Capacitance ue " 2 i 
A 


Drain OFF 
M [a= V = | = (@) 
J ean ee = . i 
Cc 
Channel ON eee 
Cp(on) + Cs(on) ee 2.8 Typical Vp=Vs=0 


Off Isolation Typ > 60 dB at 1 MHz** Ry = 79)2 


oval | 
ocd 
ree 
ee acee 
ies A 
tee 
es 
6 2s | 


2] 
+ 

fe} 
> 
+ 


seudtIMsS Bojpuy 


Positive Supply Current 


Negative Supply Current Vin = 2.5V*, One Channel ON 


Reference Supply 
Current 


Positive Supply Current 

peppEve Shpply Curent uA | Both Vin = 0*, All Channels OFF 
Reference Supply 

Current 


*V1iny must be a step function with a minimum rise and fall rate of 1 V/us. LODC + NC 


<rvucn 


NM |Trmin =f =e 
NO | -|o co}; ~ ESS 


**Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vc may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


wai 2 SWITCH 
LOGIC "1" = SW. ON INPUT 


LOGIC SWITCH 
INPUT pte OUTPUT 
tp < 10ns : ae Se 
tp < 10 ns EAS 

LOGIC 


SWITCH INPUT 
INPUT 


(REPEAT TEST FOR S3 


SWITCH AND IN>, Sz AND Sq) 
OUTPUT = 


°10 V A SUFFIX Re 


=Ve —— 
“8 V B SUFFIX Ss 
eae S Ri_ + "ps(on) 
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DG129 DG133 


TYPICAL CHARACTERISTICS 


'DS(on) YS 
Temperature 


DS(on) — DRAIN SOURCE ON RESISTORS (OHMS) 


=50 —255 0 25 50°) 75 100 125 
T — TEMPERATURE (°C) 


Switching Time vs Vp 
and Temperature 


t — TIME (us) 


—55 -35 -15 5 25 45 65 85 105 125 
T — TEMPERATURE ('C 


Vin vs Temperature 


Cae 
BOTA 


Vin — INPUT THRESHOLD VOLTAGE (VOLTS) 


T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


Vin/V_ — “OFF” ISOLATION (dB) 


f — FREQUENCY (Hz) 


3-14 


C — CAPACITANCE (pF) 


| — ON SUPPLY CURRENT (mA) 


Is(off) ~ SOURCE OFF CURRENT (nA) 
i=} 


Capacitance vs Vp 


CAPACITANCE IS ie | f=1MHz 
MEASURED FROM 
TEST TERMINAL 
TO COMMON. 


0 
—10 -8 -6 -4-2 0 2 4 6 8 10 


Vp — DRAIN VOLTAGE (VOLTS) 


IS(off) vs Temperature 


T — TEMPERATURE (°C) 


Supply Current 
vs Temperature 


T — TEMPERATURE (°C) 


Equivalent “OFF” Circuit 


Siliconix 


Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


If RGEN, Ri or Cy is increased, there will 
be proportional increases in rise and/or fall 
RC times. 


Vin — LOGIC INPUT VOLTAGE 


2] ee 
LO 
Pope abe) eS a 
BERBaiSo 


Vo — OUTPUT VOLTAGE (VOLTS) 


t — TIME (us) 


Drivers with Normally Open& 5s 


Normally Closed FET Switches ~~” 


designed for... 6 BENEFITS 


se Switching High Frequencies ® Higher Signal Bandwidth Switching Capa- 
bilities 
@ Switching in Satellite © OFF Isolation > 60 d8 @ 1 MHz 
A lications ® Better Radiation Resistance than PMOS 
PP Drivers 
@ Portable, Battery Operated eres 
e ° ® Minimizes Standby Power Requirements 
Circuits O <1mW Standby Power 
5 ‘ : : 5 Less Signal Distortion than CMOS or PMOS 
# Low Signal Distortion Switching ar orcoren regi rs a iar 
Circuits such as Audio Switching © Constant ON Resistance 


DESCRIPTION 


The DG139 contains four junction-type field-effect transistors designed to function as electronic switches. Level-shifting 
drivers enable low-level inputs ( 2 to 3 V) to control the ON-OFF state of the switches. The driver inputs are connected 
differentially so that with input INg connected to a 2.5 voltage reference, a positive logic ‘’0’’ at input INqz will turn 
switches 1 and 3 OFF and switches 2 and 4 ON. A positive logic ‘1’’ at INq will turn switches 1 and 3 ON and switches 2 
and 4 OFF. The normally-grounded VR terminal may be used as an “‘Inhibit’’ terminal, in which case all switches may be 
held OFF with a positive voltage applied to Vp. In the ON state, each switch conducts equally well in either direction, has a 
series resistance of < 30 ohms, and a shunt leakage of < 2 nA. In the OFF state the switches will hold off voltages up to 
20 V peak-to-peak. Switches have make-before-break action. The DG144 is similar to the DG139, except that it contains 
two FET switches instead of four. It is recommended that the DG190 and DG187 be used for new designs. 


PIN CONFIGURATIONS SCHEMATIC DIAGRAMS 


Flat Package Dual-In-Line Package 


tf 8 TOP VIEW 
TOP VIEW 


ORDER NUMBER: ORDER NUMBERS: 
DG139AL DG139AP OR DG139BP 
SEE PACKAGE 5 SEE PACKAGE 11 


Flat Package Dual-In-Line Package 


TOP VIEW 


7 8 
TOP VIEW 
GIC SW 1 SW 2 
ORDER NUMBER: ORDER NUMBERS: 


DG144AL Pe eee DG144AP OR DG144BP 
SEE PACKAGE 5 ON OFF SEE PACKAGE 11 
*Common to Substrate and Base of Package f 
SWITCH STATES ARE FOR 
Vin1 = LOGIC “1” INPUT AND Vynya = 2.5 V BIAS 


(POSITIVE LOGIC) 
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DG139 DG144 


ABSOLUTE MAXIMUM RATINGS 
V+ to V-, Vp or Vs Storage Temperature -65 to 150°C 
Vp or Vs to V— Operating Temperature (A Suffix) —55 to. 125°C 
(B Suffix) 73.0 2 S20res C 
Power Dissipation” 
Flat Package** 
14 Pin DIP*** 
ViIN1 to VIN2 * All leads welded or soldered to PC board. 
ViIN1 or VIN2 to VR **Derate 10 mW/°C above 75 C. 
ViIN1 or VIN2 to V— ***Derate 11 mW/°C above 75 C. 
Current (Any Terminal) 


ELECTRICAL CHARACTERISTICS Ali DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 


parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC A SUFFIX B SUFFIX V+=12V, V—=-18V, Vp =0, Ving = 2.5 V* 


Ig = -10 mA 
Vint =3V* (SW1,3 ON), 
Vini = 2 V* (SW2 4 ON) 


Drain-Source 


ON Resistance 


Source OFF 0 acloee| 
Ma 
BS silat 


Leakage Current Vind = 2 V* (SW13 OFF) 


Drain OFF Vin1 = 3 V* (SW2 4 OFF) 


Leakage Current 


Ma Channel ON Lat eb mS e Vina = 3 V* (SW4 3 ON) 
D(on) * 'S(on) Leakage Current f ee Vini = 2 V* (SW2.4 ON) 


Oyri~ODIENTT HRI Ww 


Input 1 Current, 
Input 1 Voltage Low 


<e) 


NNAL Vint =2V* 
Input 2 Current, 


V =2V"% Vi = 2.5 V% 
Input 2 Voltage Low IN2 iN1 


NWN2L 


Input 1 Current, 


: Vind =3 V* 
Input 1 Voltage High 


'iN1H 


Input 2 Current, 
Input 2 Voltage High 


CRISS RENGT TAT a Eyal | Time 


See Switching Time Test Circuit 
t Turn- a Time 
off 
ts Source OFF ‘ 
S(off) Capacitance : | 
Drain OFF 7 "1 
oj P 24T 2.4T y 
D(off) Capacitance Ts eee ee 


12 1N2H VMINo= 3" VIN = 2 Ve 


Channel On aa = 
AG 2.8 T 2:8T 
| OE laclation i Ry Po Potente | Isolation Typ > 60 dB at 1 MHz** 


19 cE 
4 


f | 
Current 
c eee eee Curent So eee wA | Vint = Vin2 = 0.8 V*, All Channels OFF 


| Reference Supply 25 
R Current 


*ViN must be a step function with a minimum rise and fall rate of 1 V/us. 
**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


SWITCHING TIME TEST CIRCUIT 

Switch output waveform shown for Vc = constant with logic input waveform as shown. Note that Vc may be + or ~ as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


LODF + NC 


12V 
LOGIC “1” = SW. ON SWITCH Ov 
INPUT 


O | 
LOGIC 3V SWITCH 
INPUT ton *Vs OUTPUT 
tp ~ 10 ns te ave 0 
~ 10 ns 7 


tf 
Vg = +10 V A SUFFIX 


SWITCH Vg = #8 V B SUFFIX 


INPUT LoGic 
d INPUT 


SWITCH 
OUTPUT a 


(REPEAT FOR S3 AND Sa) 
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TYPICAL CHARACTERISTICS 


"DS(on) YS 
Temperature Capacitance vs Vp Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


CAPACITANCE IS f= 1MHz 


. MEASURED FROM Ig=0 

TEST TERMINAL ia 
SO Ny 
SE tee eee 
> See OE Ta a Mid 
oh ae CD (oft) meme 
0 25 50 75 100 125 


T — TEMPERATURE (°C) Vp — DRAIN VOLTAGE (VOLTS) If RGEN, RL or Cy is increased, there will 
be proportional increases in rise and/or fall 
RC times. 


TO COMMON. 


C — CAPACITANCE (pF) 


'DS(on) ~ DRAIN SOURCE ON RESISTANCE (OHMS) 


Switching Time vs Vp 
and Temperature IS(off) vs Temperature 


a erhes oy 
a== SGN DS | 
Smee 
miei, pe peo | | 
Sean a 


0 
—55°—35.—15., 5. 25,45... 65.85 105).125 


t — TIME (us) 


[ain oceneor |] 
oe Ont as |e wavs 


Is(off) — SOURCE OFF CURRENT (nA) 


Vin — LOGIC INPUT VOLTAGE 


PIT TTTIN 
PTT | 


=— 
ol 


| eee ene cee 
T — TEMPERATURE ('C) T — TEMPERATURE (°C) hu ets Da Rory | 


sy ca See 
VIN(th) vs Temperature Temperature ee ee 
Bil eh sd mab a 


eat-in | 
Fa Aston aa en 
ee ie Ova Se 
ia 


yuo oka oa 


| — ON SUPPLY CURRENT (mA) 


Vin 1— !NPUT 1 THRESHOLD VOLTAGE (VOLTS) 


50 -25 0 25 50 75 100 125 50 —25 25 50 75 100 125 


Vo — OUTPUT VOLTAGE (VOLTS) 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


ae ee CHa Ae tial 
OFF” Isolation vs Ry MEP Wagar Tat | 


seas. CqueNCY = Equivalent ““OFF” Circuit ceed 4 y. 


0.1 pF 


Pease 
a 
i; La ae) 
V+=+12V,V—=—-—18V : 1.0 2.0 3.0 


Vp =0,R, =752 ; t — TIME (us) 
Vin = 220 mv RMS 


Vin/Vi. — “OFF” ISOLATION (aB) 


10° 
f — FREQUENCY (Hz) 
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DG140 DG141 


2-Channel Drivers with SPST c: 9 
and DPST FET Switches Sitcom 


designed for ehene BENEFITS 


° e ° @ @ Higher Signal Bandwidth Switching Capa- 
@ Switching High Frequencies ey 

® ° ® ° O OFF Isolation > 60 dB @ 1 MHz 
ae Switching in Satellite ® Better Radiation Resistance than PMOS 


Applications Drivers 


O Bipolar Drivers 


ie Portable, Battery Operated ® Minimizes Standby Power Requirements 
Circuits © <1 mW Standby Power 
. A ‘ c . @ Less Signal Distortion than CMOS or PMOS 
@ Low Signal Distortion Switching Switches 
Circuits such as Audio Switching amadiia areas 
DESCRIPTION 


The DG140 contains four junction-type field-effect transistors (JFETs) designed to function as two double-pole single- 
throw electronic switches. Level-shifting drivers enable low-level inputs (0.8 to 2.5 V) to control the ON-OFF state of each 
switch. With a positive logic ‘’0’’ at the driver input the switches will be OFF. With a positive logic ‘’1”’ at the input the 
switches will be ON. In the ON state each switch will conduct current in either direction, and in the OFF state each switch 
will block voltages up to 20 V peak-to-peak. ON series resistance is < 10 ohms, and ON shunt leakage is << 2 nA. With both 
drivers in the “‘switch OFF” state total power consumption is < 750 wW. Switches have make-before-break action. The 
DG141 is similar to the DG140 except that it contains two SPST switch functions. It is recommended that the DG183 and 
DG180 be used for new designs. 


PIN CONFIGURATIONS 


SCHEMATIC DIAGRAMS 


Flat Package 


TOP VIEW 
ORDER NUMBER: 
DG140AL 
SEE PACKAGE 5 


Flat Package Dual-In-Line Package 


8 
TOP VIEW Orie 


ORDER NUMBER: ORDER NUMBERS: 
DG141AL DG141AP OR DG141BP 
SEE PACKAGE 5 SEE PACKAGE 11 


*Common to Substrate and Base of Package 


SWITCH STATES ARE LOGIC “1” INPUT 


10 
Vp (ENABLE) 
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ABSOLUTE MAXIMUM RATINGS 


USE OO Sn tl A a cc A a 36 V Storage Jemperature™ “Wie. We -65 to 150°C 
eer NOLIN Ce. BE es a Be 36 V Operating Temperature (A Suffix)....... —55 to 125°C 
Miprieigcisai Mey: ase S28, QiSiac Baoieah sy. uy Oe 32 V (B Suffix) 1M: —20 to 85°C 
EUS) Be SC oe +22 V Power Dissipation” 

Meh Ss a, Se ee i. ma Pravinaekiage To. uy... teak reabecabr eben) ire 750 mW 
eee ere er MP ES 25 V TSOP Ie et ek od to eke ad © eke: 825 mW 
RN re oe. biel a ls erg Neh ct | UROUIN. 

By ene re a Te Ss. ce ee MIO er TeZOW: “All leads welded or soldered to PC board. 

Coy iiss)” SRS ESE eae ae ea an re ee +6 V **Derate 10 mW/°C above 75 C. 
Ciircmtanvewermindl of ace ew. 30 mA ***Derate 11 mW/°C above 75 C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 
MAX LIMITS 


TEST CONDITIONS, UNLESS NOTED: 
CHARACTERISTIC DG140A, patna? DG140B, DG141B UNIT V+=12V,V—=-18V, Vp =0 
Drain-Source 20 ae Vp =10¥ Is = -10. mA, 
Source OFF Gad whe oe Sg ae San ER fll 

Leakage Current mate oa 15 300 Vs=8V,Vp=-8V 
eT 08 | arent 

oa Bele veR a sh Ce eee ee Vore VUsinee 
Channel ON 2 Peabo ene ae ae)” s.. VDSS 5 ON Vin = 2.5 V* 


Input Current, 
0.1 2 4 4 Vin = 0.8 V* 
NINE Input Voltage Low a pees per era [hte Ps 
uA 
Input Current, 
150 100 100 Vin = 2.5% 
10) {4NH Input Voltage High Saas 2 


See Switching Time Test Circuit 
12 [oo oh Turn- ore 4p) || Turn-OFR Time wo! | Time 


Source OFF oan ss 
Sir Ole Vs=0,Ip=0 
Drain OFF as: ny 
rT ori F Vp =0, I> =0 f=1MHz 
" m san aie Capacitance Baan oe ; 
| 
c Channel ON ee sire A 4 
15 Cp(on) + Cs(on) Caaeianee 2.8 Ty 2.8 Typ Vip= Vis =0 


p 
16 Off Isolation Typ > 50,dB at 1 MHz** Ry = 100) QyarC)) =. 3°pF 


7 Positive Supply Current oh eset tp 
18 i= Negative Supply Current | i= Negative Supply Current | Current] | a Vin = 2.5 V*, One Channel ON 


-_= 


= 
(o} 
(o) 
(=) 


Oop Oy} Ol. Bf Go. FN 
raa-2=9 


ID(on) + !s(on) 


© 


SS) 
i9| U Reference Supply 
P oS eee 
24] ¥|t= te | Negative Supply Current | sneer eff Both Vin = 0°, All Channels OFF 


Reference Supply 
22 
Current 


*V/1n must be a step function with a minimum rise and fall rate of 1 V/us. 


**Typical values are for DESIGN AID only, not guaranteed and not subject to production testing. LODC + NIP 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or ~ as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


SWITCH 
“qs INPUT 
LOGIC “1” = SW. ON U ete, 
LOGIC OUTPUT 
INPUT ton. tVs 
t, < 10 ns totf. -Vg Vo 
te < 10 ns 
LOGIC 35 pF 
SWITCH INPUT 
INPUT 
[REPEAT TEST FOR $3 (DG140), 
140 
SWITCH 2s ov agy’ ANDIN2, Sp AND Sq (DG140)] 
OUTPUT = 
Vg = °10 V A SUFFIX Rt 
Ve = 8 V B SUFFIX VOIRMS iran 
S Ri * "pS(on) 
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DG140 DG141 


TYPICAL CHARACTERISTICS 


'DS(on) VS ; 
Temperature Capacitance vs Vp Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


CAPACITANCE IS iia f= 1MHz 

MEASURED FROM Ig =0 

TEST TERMINAL Gee 

TO COMMON. 
| 


C — CAPACITANCE (pF) 


'pS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


0 
-50 =25 0° 25 50 75 100) 125 -10 -8 -6 -4 -2 0 2 4 6 8 10 


T — TEMPERATURE (°C) Vp — DRAIN VOLTAGE (V) \f RGEN. Ri or Cu is increased, there will 


be proportional increases in rise and/or fall 
RC times. 


Switching Time vs Vp 
and Temperature Is(off) VS Temperature 


t— TIME (us) 


Tac tt 
oh 


Ig(off) — SOURCE OFF CURRENT (nA) 


Vin ~ LOGIC INPUT VOLTAGE 


—55 —35 —-15 5 25 45 65 85 105 125 45 85 105 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


oa 


Supply Current vs 
VIN (th) vs Temperature Temperature 


| — ON SUPPLY CURRENT (mA) 


GR MMEdesoabs =| 
ON le 
oS 
Pee VELL 


Vin — INPUT THRESHOLD VOLTAGE (VOLTS) 


—50 —25, 0 25; 50 75 100 125 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Vo — OUTPUT VOLTAGE (VOLTS) 


“OFF” Isolation vs Bie 
and Frequency 


SIGNAL 


SOURCE B 
: vat 


Min! 
“OFF” ISOLATION © 20 LOG —— 


OFF ISOLATION (dB) 


A - DRAIN OF “OFF” SWITCH 
B - SOURCE OF “OFF” SWITCH 


t — TIME (us) 


f — FREQUENCY (MHz) 
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Drivers with Normally Open & _ 3 
Normally Closed Switches rene ar 
designed TOTS ose BENEFITS | 


‘ ~ . ; . @ Higher Signal Bandwidth Switching Capa- 
@ Switching High Frequencies eh 


& Switching in Satellite © OFF Isolation > 60 dB @ 1 MHz 
Applications e ih Radiation Resistance than PMOS 
= Portable, Battery Operated ee 


® Minimizes Standby Power Requirements 


Circuits O <1 mW Standby Power 


° e re ; é ® Less Signal Distortion than CMOS or PMOS 
@ Low Signal Distortion Switching Switches 


Circuits such as Audio Switching © Constant ON Resistance 
DESCRIPTION 


The DG142 contains four junction-type field-effect transistors designed to function as electronic switches. Level-shifting 
drivers enable low-level inputs (2 to 3 V) to control the ON-OFF state of the switches. The driver inputs are connected 
differentially so that with input IN connected to a 2.5 voltage reference, a positive logic ‘‘0’’ at input INq will turn switches 
1 and 3 OFF and switches 2 and 4 ON. A positive logic ‘’1’’ at INq will turn switches 1 and 3 ON and switches 2 and 4 OFF. 
The normally-grounded VR terminal may be used as an ‘Inhibit’ terminal, in which case all switches may be held OFF with 
a positive voltage applied to Vp. In the ON state, each switch conducts equally well in either direction, has a series resistance 
of < 80 ohms, and a shunt leakage of < 2 nA. In the OFF state the switches will hold off voltages up to 20 V peak-to-peak. 
Switches have make-before-break action. The DG143 is similar to the DG142, except that it contains two FET switches 
instead of four. It is recommended that the DG191 and DG188 be used for new designs. 


PIN CONFIGURATIONS 


Flat Package 


SCHEMATIC DIAGRAMS 


Dual-In-Line Package 


TOP VIEW 


ORDER NUMBERS: 
DG142AP OR DG142BP 
SEE PACKAGE 11 


Prewse' 
ORDER NUMBER: 
DG142AL 
SEE PACKAGE 5 


Flat Package Dual-In-Line Package 


TOP VIEW 


7 8 
TOP VIEW 


ORDER NUMBER: 


LOGIC SW 2 
DG143AL 


SEE PACKAGE 5 1 Ne LYE 


*Common to Substrate and Base of Package 
SWITCH STATES ARE FOR 

ViIN1 = LOGIC “1” INPUT AND Vi qa = 2.5 V BIAS 

(POSITIVE LOGIC) 


ORDER NUMBERS: 
DG143AP OR DG143BP 
SEE PACKAGE 11 
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DG142 DG143 


ABSOLUTE MAXIMUM RATINGS 
V+ to V—, Vp or Vs Storage Temperature 65 to 150°C 
Vp or Vs to V— Operating Temperature (A Suffix)...... —55to 125°C 
(B Suffix) '—20 to 85°C 
Power Dissipation” 
Flat Package** 
14 Pin DIP*** 
Vini1 to VIN2 * All leads welded or soldered to PC board. 
Vin1 or ViN2 to VR **Derate 10 mW/°C above 75°C. 
ViIN1 or Ving to V— ***Derate 11 mW/°C above 75 C. 
Current (Any Terminal) 


ELECTRICAL CHARACTERISTICS Ali DC parameters are 100% tested at 25 C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 


VEIT TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC A SUFFIX B SUFFIX UNIT Viz 12V, V~ = 18 4M po A = 84 
Vp=10V Is = -10 mA, 
Vini =3 V* (SW13 ON), 


nRNS ee 8V Vina = 2 V* (SW2.4 ON) 


Source OFF a esa Oe fone 
S(off) Leakage Current Vv 8V,Vp=-8V 
z — esha Vint =2.V* (SWy 3 OFF) 


Drain-Source 


ON Resistance 


Drain OFF na LY DA 10N. Vs ==10V Nin she tsi Ore) 
Leakage Current Vp =8V,Vs=-8V 

4 Channel ON Voe Vsigaley Vin1 = 3 V* (SW13 ON), 
Dion) * 'Slon) Leakage Current VipiaVs ==s Vy, MING Fi ne 


Input 1 Current, * 
4 Vint =2V 
Input 1 Voltage Low 


ID(off) 


MNAL 


Input 2 Current, Vina =2V*, Vind = 2.5 V* 


| 
IN2L Input 2 Voltage Low 


Input 1 Current, VINT > 3M 


| 
INTH Input 1 Voltage High 


Input 2 Current, 


V SN aN = 12. Op Nie 
Input 2 Voltage High IN2 IN1 


1IN2H 


ton Turn-ON Time 
toff Turn-OFF Time 


Source OFF 
Vs =0,Ip=0 

pala esbec iene ! 

Drain OFF 

F Vp=0,!ls =0 f = 1 MHz 

ee ae ie dl f “ 

Channel ON * 4 
CD(on) * CS(on) Capacitance ; : DUR NS IS) 


Ot \eolstipaeg (P| ee pera a Isolation Fara ne dB at 1 MHz** Be nl. = Hake 


beats pesca et rae reas | - Vint =2V* or Vina = 3.V", One Channel GN 


Reference Supply 
Current 


I+ Positive Supply Current | I+ Positive Supply Current | Current 


See Switching Time Test Circuit 


I 


!- __ Negative Supply Current | on Vint = Ving = 0.8 V*, All Channels OFF 


Reference Gaia oi eed 
Current 


*Viny must be a step function with a minimum rise and fall rate of 1 V/us. 


**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. AeAe) a INS 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


2.5V 
SWITCH 


LOGIC ‘1 = SW. ON INPUT 


SWITCH 


ton: +Vg OUTPUT 


totf. -Vs 

Vg = +10 V A SUFFIX 
Vs = +8 V B SUFFIX 
SWITCH 


INPUT LOGIC 
INPUT 


SWITCH 
OUTPUT 


(REPEAT FOR S3 AND Sq) 
(DG142) 
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TYPICAL CHARACTERISTICS 


Vin 1— INPUT 1 THRESHOLD VOLTAGE (VOLTS) t— TIME (us) DS(on) — DRAIN-SOURCE RESISTANCE (OHMS) 


Vin/V_ — “OFF” ISOLATION (dB) 


"DS(on) VS 
Temperature 


E90) = 2o00y-0) P250'50) 1 7520002 £125 
T — TEMPERATURE (°C) 


Switching Time vs Vp 
and Temperature 


Q 
—55 -35-15 5 25 45 65 85 105 125 


T — TEMPERATURE (°C) 


VIN (th) vs Temperature 


SW. 1&3 ARE ON 
SW. 2 & 4 ARE OFF 


=60,—25 70) 125° 50 475, 100, 1125 
T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


Vp =0, Ry = 752 
Vin = 220 mV RMS 


106 
f — FREQUENCY (Hz) 


C — CAPACITANCE (pF) 


| — ON SUPPLY CURRENT (mA) 


Capacitance vs Vp Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


CAPACITANCE IS 
MEASURED FROM 
TEST TERMINAL 
TO COMMON. 


Cpdi(on) 
nen ES 
es 


CD (off) 


=10, =8),.26, =4.=2 | 0) R24" 6 3s Sa 10 

Vp — DRAIN VOLTAGE (VOLTS) 
lf RGeEN, Ri or Cy is increased, there will 
be proportional increases in rise and/or fall 
RC times. 


IS (off) vs Temperature 


Vin — LOGIC INPUT VOLTAGE 


85 105 
T — TEMPERATURE (°C) 


a ad 
Supply Current vs seiner Wn Wished 14 
Temperature FE a Pe ae we 


Ls 
SeenON | 


idol LT Ta 


T — TEMPERATURE (°C) 


Vo — OUTPUT VOLTAGE (VOLTS) 


Equivalent “OFF” Circuit 


t — TIME (us) 
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DG145 DG146 


psf 


Siliconix 


Drivers with Normally Open & 
Normally Closed FET Switches 


designed for chloe BENEFITS 


e e e e @ Higher Signal Bandwidth Switching Capa- 
& Switching High Frequencies ~ bilities 


e e e e O OFF Isolation > 60 dB @ 1 MHz 
“a Switching in Satellite @® Better Radiation Resistance than PMOS 
Applications Drivers 
© Bipolar Drivers 
ie Portable, Battery Operated ® Minimizes Standby Power Requirements 


O <1 mW Standby Power 
@ Less Signal Distortion than CMOS or PMOS 


& Low Signal Distortion Switching SUH: | 
A . A . ; O Constant ON Resistance 
Circuits such as Audio Switching 


Circuits 


DESCRIPTION 


The DG145 contains four junction-type field-effect transistors designed to function as electronic switches. Level-shifting 
drivers enable low-level inputs (2 to 3 V) to control the ON-OFF state of the switches. The driver inputs are connected 
differentially so that with input IN2 connected to a 2.5 voltage reference, a positive logic ‘‘0’’ at input IN4 will turn switches 
1 and 3 OFF and switches 2 and 4 ON. A positive logic ‘’1’’ at INq will turn switches 1 and 3 ON and switches 2 and 4 OFF. 
The normally-grounded VR terminal may be used as an ‘“‘Inhibit’’ terminal, in which case all switches may be held OFF with 
a positive voltage applied to Vr. In the ON state, each switch conducts equally well in either direction, has a series resistance 
of < 10 ohms, and a shunt leakage of < 2 nA. In the OFF state the switches will hold off voltages up to 20 V peak-to-peak. 
Switches have make-before-break action. The DG146 is similar to the DG145 except that it contains two FET switches 
instead of four. It is recommended that the DG189 and DG186 be used for new designs. 


PIN CONFIGURATIONS 


Flat Package 


14 


SCHEMATIC DIAGRAMS 


V+ 


te 


5 


POEM: 
ORDER NUMBER: 
DG145AL 
SEE PACKAGE 5 
Flat Package 


1 14 


Dual-In-Line Package 


Sy 
he. ins TOP VIEW 
ORDER NUMBER: LOSIG eb ORDER NUMBERS 
DG146AL DG146AP OR DG146BP 


SEE PACKAGE 5 ONE ORG 


*Common to Substrate and Base of Package 
SWITCH STATES ARE FOR 

Vin1 = LOGIC 1" INPUT AND Vino = 2.5 V BIAS 

(POSITIVE LOGIC) 


SEE PACKAGE 11 
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ABSOLUTE MAXIMUM RATINGS 4 
PR ENT) OWN Oost Ss ie wus odie 36 V GUIkenttUAIly . PEniUnall ee cet et eee Mane 30mA | af 
ee crea aie, 2 AP ee. CNS Ge! Re 32 V SrolLage Temperatures |). sc. oa sk er em -65 to 150°C = 
GO ee! he. ch, dos sole, w Gat. as ate ® +22 V Operating Temperature (A Suffix)....... —§5't0:1255C 
cso. a es Ras 25 V (BSaiixice 2. s. -20t08s°c || O 
MIORINEORIV INOS. oe eee. A 2M Power Dissipation” Q 
ee a. 2OWiLLMelat Packager mri... bee eentettetnee Bets 750 mw | = 
WOVEN a a ee EON: He: A FI 2 A as Ce fe ae ep 825 mW on 
Bem ORY To ee +6 V “All leads welded or soldered to PC board. 

RIO INO ON momen SP ES be le 30 V **Derate 10 mW/°C above 75°C. 


***Derate 11 mW/°C above 75°C. 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 


parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 


LL te + array" The: TEST CONDITIONS, UNLESS NOTED: 
pee se | wep wep we [we V+ = 12 V, V— = —18 V, VR = 0, Ving = 2.5 V* 


Ig = -10 mA 
Vin1 = 3 V* (SW 3 ON), 
Vin1 = 2 V* (SW2 4 ON) 


1 Drain-Source 
2 ON Resistance 


som tnal a8 
fete [tof Moog fee 


s 
Wi) ' 
S(off) 
4 ! Leakage Current 300 Vs=8V,Vo=-8V | ving = 2." (SW) 3 OFF), 
5c or Drain OFF fei on Rio ee EEE SSL a = 3V* (SW2 4 OFF) 
ie} n 
Input 1 Current 
' GPL tr 
: Be Input 1 Voltage Low (oe bene de ee ee aN ji 


Input 2 Current 
1 | ‘ ‘ a £ 3 . 
: aC EE ae Orage Low eb Peere| beamete 44) GPa etary uA ne (eae aS prey 
Input 1 Current 
i | ; 3 * 


12 ' Input 2 Current, 
IN2H Input 2 Voltage High 


13 t Turn-ON Time 125, 
on ee een pleat se steered, 


120 60 60 150 Ving=3V*, Vinny > 2.5V°* 


18) 

Source OFF ** ** 
Y = = 

is N cSigft papacn ance Po heeee S i 2 : 

A 

Drain OFF ae ** 

F Vp= Iq = f= 1MH 

(e 


Channel! ON a ** 


18 Off Isolation Typ > 50 dB at f = 1 MHz** io it Bike Hoe Q; Ci. =3'pF 


20 I= Negative Supply Current | Supply Current Vina = 2V* or Ving = 3 V", One Channel ON 


itty | Neostive Supply Current) 
21|U Reference Supply 
P Current 
Se easily curent| a eae — oA | Ving =\Vind = 0.8VSHAllChermels OFF 


seudtiMs Bojpuy 


Reference Supply 
24 
Current 


*VinN must be a step function with a minimum rise and fall rate of 1 V/ys. 
**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


LODF + NIP 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


25V 12V 
LOGIC "1" = SW. ON SWITCH O v+ 
LOGIC 3V INPUT SWITCH 
INPUT OUTPUT 
tp < 10ns 25V ton. “s 
ty <~ 10 ns 0 ‘off: “Vs fe) 


Vg = +10 V A SUFFIX 
Vg = $8 V B SUFFIX 


SWITCH —y 


INPUT LOGIC 35 pF 
‘ INPUT 
SWITCH 0.1 
OUTPUT " or 
L 
tott Wn SVR ee _ (REPEAT FOR S3 AND Sg) 
= OS RL + DS(on) OVR (DG 145) 
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TYPICAL CHARACTERISTICS 


Vin 1—!NPUT 1 THRESHOLD VOLTAGE (VOLTS) t— TIME (us) 'pS(on) — ORAIN-SOURCE ON RESISTANCE (OHMS) 


OFF ISOLATION (dB) 


3-26 


'DS(on) VS 
Temperature 


25 50 75 100 125 
T — TEMPERATURE (°C) 


Switching Time vs Vp 
and Temperature 


— | 


oad 
ae 
= 


—§5 -35 -15 5 25 45 65 85 105 125 
T — TEMPERATURE (°C) 


VIN (th) vs Temperature 


=90')—25 0 25 500755 100) 9125 
T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


f — FREQUENCY (MHz) 


> 
= 
w 
oO 
2 
< 
je 
s) 
< 
a 
< 
ra) 
| 
cS) 


'g (off) - SOURCE OFF CURRENT (nA) 


| — ON SUPPLY CURRENT (mA) 


Capacitance vs Vp 


TEST TERMINAL 
TO COMMON: 


0 
-10 -8 -6 -4 -2 0 2 4 6 8 10 


Vp - DRAIN VOLTAGE (V) 


IS(off) vs Temperature 


5 
T — TEMPERATURE (°C) 


Supply Current vs 
Temperature 


O25 SO 7500 A125 
T — TEMPERATURE (°C) 


Vip! 
“OFF” ISOLATION 2 20 LOG — 


A - DRAIN OF “OFF” SWITCH 
B - SOURCE OF OFF’ SWITCH 


Siliconix 


Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


lf RGEnN, Ri or Cy is increased, there will 
be proportional increases in rise and/or fall 
RC times. 


Ww 
oO 
< 
- 
a 
fo) 
Zee 
7) 
>F 
a a 
20 
ae 
oe 
[eo] 
} 
pa 
| 
2 
‘ P= ="5e 
bese 


Vo — OUTPUT VOLTAGE (VOLTS) 


BiG 
es pa 


Bask] r= 


t — TIME (us) 


2-Channel Drivers with SPST c: 2 
and DPST FET Switches Siliconix 


designed for AS ary, BENEFITS 


€SLOd LSLOG 


aI Switching High Frequencies e ighict Signal Bandwidth Switching Capa- 
bilities 
ae Switching in Satellite O OFF Isolation > 60 dB @ 1 MHz 
e ® ® Better Radiation Resistance than PMOS 
Applications rH) 
O Bipolar Drivers 
a Portable, Battery Operated @ Minimizes Standby Power Requirements 
Circuits O <1 mW Standby Power 
a é . ° @ Less Signal Distortion than CMOS or PMOS 
& Low Signal Distortion Switching Switches 
Circuits such as Audio Switching ih se biota il 
DESCRIPTION 


The DG153 contains four junction-type field-effect transistors (JFETs) designed to function as two double-pole single- 
throw electronic switches. Level-shifting drivers enable low-level inputs (0.8 to 2.5 V) to control the ON-OFF state of each 
switch. With a positive logic ‘’0’’ at the driver input the switches will be OFF. With a positive logic ‘1’’ at the input the 
switches will be ON. In the ON state each switch will conduct current in either direction, and in the OFF state each switch 
will block voltages up to 15 V peak-to-peak. ON series resistance is << 15 ohms, and ON shunt leakage is << 2 nA. With both 
drivers in the ‘switch OFF”’ state total power consumption is < 750 uW. Switches have make-before-break action. The 
DG151 is similar to the DG153 except that it contains two SPST switch functions. It is recommended that the DG180 and 
DG183 be used for new designs. 


PIN CONFIGURATIONS 
Flat Package 


SCHEMATIC DIAGRAMS 
11 


Dual-In-Line Package 


TOP VIEW 


TOP VIEW 
ORDER NUMBER: ORDER NUMBERS: 

DG151AL DG151AP OR DG151BP 
SEE PACKAGE 5 SEE PACKAGE 11 


10 
Vp (ENABLE) DG151 v- 


V+ 
9 11 


sourdiMs Bojpuy | 


Flat Package 


0 ORF 
1 ON 


rE — Vp (ENABLE) 


IN, 


TF VIEW 
ORDER NUMBER: 
DG153AL 

SEE PACKAGE 5 
*Common to Substrate and Base of Package 


SWITCH STATES ARE FOR LOGIC ‘11 INPUT 


10 
Vp (ENABLE) 
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ABSOLUTE MAXIMUM RATINGS 


Vt tO. V=AOr ieee el isa e alc shite tar nme eee 36 V Current (Any Terminal). .... ... .9 0, sueee 30 mA 
M(JcUO) Vice Sencha Recents ayes yesh en ep amar aan 32 V Storage, Temperature, 3. .°v.". a oe ae -65 to 150°C 
Wij to. VS tity oc erie ts, uae Stak te ee a +22 V Operating Temperature (A Suffix)... ... —55 to 125°C 
V+ tot Boe ec crete warmer cts a 25 V (B Suffix} .2aaaae —20 to 85°C 
V+. topV Ne ToOty VN me wt ieee pls gees aoa a 25.V. Power Dissipation” 

MR tO Vise eran rt rats fot ee ihe hal 25 V Flat Package"? . «2.35. .4 ose 750 mW 
VIN ATO MIN oee boat yes alee coun oe ac a eng +6 V 14. PinD IPT es att chy a age os 825 mW 
VEIN] POET NRO sweetie skews 10) 4 clas teiahie urtromreions +6 V *All leads welded or soldered to PC board. 

VIN TOCA No OV ee ect te a a. sts wake 30 V **Derate 10 mW/°C above 75°C. 


***Derate 11 mW/°C above 75 C. 
ELECTRICAL CHARACTERISTICS 


[o) . . . 
All DC parameters are 100% tested at 25 C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 
MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 
CHARACTERISTIC DG151A, DG153A DG151B, DG153B UNIT V+=15V,V—=~15 V, Vp =0 

ial Drain-Source pile nl Mba a Fh ote panes oIalbom oe nl gna aos” Ig = -10 mA, 
Vp 18MaMee ee IN = 0.8V* 


'D(off) Leakage Current inca tale sae. duibeletaal binds delplubuclzins | bad290 Vp = 5.5 V, Vg = -5.5 V 


| +] Vin = 2.5 V* 
Input Current, 
Vin = 0.8 V* 
ie Input Voltage Low sd a dail 
Input Current 
‘ ViAING 2 Ve 


11 Turn-ON Time 


2 
3|S 
|" 
6/H 
7 
8 


See Switching Time Test Circuit 
tof ee hee ereOrmerine  inin tof ee hee ereOrmerine  inin OFF Time 


Source OFF ne € % 
ip 31 Ves0: los 
x ¥ nee Pee Ge icneecceee : a R : 
Drain OFF #* *% 
3T 37 Vp =0,1 f= H 
“a Mm ee Pape ariance SESE 4 ‘ 
1 
(e Channel ON ss ns 
5)" | ©D(on) * Cs(on) Ce eee Ze TYP 2.8 Typ HVo=Vs=0 Vs =0 


OF ieolancrancoet ee oP Fes | Isolation oan dB at 1 MHz** Ry = 100 2,Cy = 3 pF 


i= Negative Supply Current | Pope rete | VIN = 2.5 V*, One Channel ON 


ali 

g|U Reference Supply 

9) Current 

olf 

L i+ Positive Supply Current | i+ Positive Supply Current | Current 
21 Y}i- Negative Supply Current | 


Dake a Wea BS Tad Supply 
Current 


*VinN must be a step function with a minimum rise and fall rate of 1 V/us. 


+ 
**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. LODC * NIP 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 


spikes at leading and trailing edge of output waveform. +15V 
SWITCH 
LOGIC *1” = SW. ON ea SWITCH 
LOGIC tha OUTPUT 
INPUT oa) Vv 
tp < 10 ns off. “Vs ) 
te << 10 ns 
LOGIC pF 
INPUT 
SWITCH 
INPUT 
(REPEAT TEST FOR S3 (DG153) 
sone help ci ae _isy AND Iz, Sp AND Sq) (DG153) 
OUTPUT i 
Vg = 47.5 V A SUFFIX Ry 


Vg=#5.5VBSUFFIX. YO" Ys RO 
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TYPICAL CHARACTERISTICS 


'DS(on) YS 
Temperature Capacitance vs Vp Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


CAPACITANCE IS 
> MEASURED FROM 
TEST TERMINAL 
TO COMMON. 

' 


Cd (on) 


C — CAPACITANCE (pF) 


DS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


—50)-—25° 0 25 50. 75 100 125 A= 2) 10)are 
T — TEMPERATURE (°C) Vp — DRAIN VOLTAGE (V) 


lf RGeEN, R_ or Cy is increased, there will 
be proportional increases in rise and/or fall 


Switching Time vs Vp RC tice, 
and Temperature IS (off) vs Temperature 
< w 
= oO 
Eb = 8 
< a 
ra fe) 6 
= é a 4 
c : Be 
Ww it ae) 2 
a 
= fo) a= 
= 5 o (0) 
| : ae ea 
o % as 
fe) | 
Fe 2 
: eae Fi at 
= 4 b iy) 
a 
2 
-55 -35 -15 5 25 45 65 85 105 125 0 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) as 
-4 
Supply Current vs 
6 
VIN vs Temperature Temperature 
4 
e 
5 iz 
fe} 
2 Z ) 
C) £ wy 
< = 
z 2 
Fe) uw Aha El 
> fa « : 
5 3 6 
8 > z 4 
w = Ww 
w = oO 
a = < 2 
= n 5 
- 2 2) 0 
e 5 > 
z | F 
2 * 21.2 
| = 
> Mee | 
> | 
Sey CO BeNOR TE 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) ota | 
go 0 dF 
OFF” Isolation vs Ry Hf, Pi ee Sar, ya 
-6 sella 
4 
i 2 
z= 
0 
5 SIGNAL. 
e SOURCE B i 
ms Z = 502 ? Uh ; 
g = ae 
re f Vin! 6 
° “OFF” ISOLATION © 20 LOG ——~ 
L 
A - DRAIN OF “OFF” SWITCH t— TIME (us) 
B - SOURCE OF “OFF” SWITCH 
f — FREQUENCY (MHz) 
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DG152 DG154 


2-Channel Drivers with SPST Ss 


a Siliconix 
and DPST FET Switches 
@ 
designed for eveie BENEFITS 
a Switching High Frequencies ° Hiohes Signal Bandwidth Switching Capa- 
iities 
ad Switching in Satellite © OFF Isolation > 60 dB @ 1 MHz 
~ ~ @ Better Radiation Resistance than PMOS 
Applications Rrra 
O Bipolar Drivers 
- Portable, Battery Operated ® Minimizes Standby Power Requirements 
Circuits O <1 mW Standby Power 
e ® e e e et. Si | Di ti h CMOS PMOS 
# Low Signal Distortion Switching Gaither 
Circuits such as Audio Switching © Constant ON Resistance 
DESCRIPTION 


The DG154 contains four junction-type field-effect transistors (JFETs) designed to function as two double-pole single- 
throw electronic switches. Level-shifting drivers enable low-level inputs (0.8 to 2.5 V) to control the ON-OFF state of each 
switch. With a positive logic ‘‘O”’ at the driver input the switches will be OFF. With a positive logic ‘’1”’ at the input the 
switches will be ON. In the ON state each switch will conduct current in either direction, and in the OFF state each switch 
will block voltages up to 15 V peak-to-peak. ON series resistance is < 50 ohms, and ON shunt leakage is << 2 nA. With both 
drivers in the ‘‘switch OFF” state total power consumption is < 750 uW. Switches have make-before-break action. The 
DG152 is similar to the DG154 except that it contains two SPST switch functions. It is recommended that the DG181 (or 
DG182) and DG184 (or DG185) be used for new designs. 


PIN CONFIGURATIONS 


Flat Package Dual-In-Line Package 


SCHEMATIC DIAGRAMS 


11 ¢ 


7 TOP VIEW 
TOP VIEW 


ORDER NUMBER: ORDER NUMBERS: 
DG152AL DG152AP OR DG152BP 
LOGIC | SWITCH 


SEE PACKAGE 5 SEE PACKAGE 11 
0) OFF 
l ON 


10 
Vr (ENABLE) 


DG152 


Flat Package Dual-In-Line Package 


TOP VIEW 


7 8 
TOP VIEW 


ORDER NUMBER: ORDER NUMBERS: 
DG154AL DG154AP OR DG154BP pia ati 5 
SEE PACKAGE 5 SEE PACKAGE 11 f 


*Common to Substrate and Base of Package 


SWITCH STATES ARE FOR LOGIC ‘1"" INPUT 
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ABSOLUTE MAXIMUM RATINGS 


ES le ARS a ak oh, RN Current (ANY HEC Al cate <i Ge a8 to5 gee 
Sh BES TR Goa 36 V Storage: Lem perasure ia uM. yi +) hn aerate -65 to 150°C 
NRHN Comer mierda oo ENR tie Sng SRT, ae TM A =22°V Operating Temperature (A Suffix). ...... —55 to 125°C 
WE ey oy! ON Ae oe A ey oe A 25 V (BiSuttixierccet pe —20 to 85°C 


pSLOG 2SLOGd 


DEO YING. 0. 2. ho. i. ee ee tao V Power Dissipation” 
NM le vw Sod bo he 25 V Flat Package Ge vg as. aaceR te pees aifiee weg ome 750 mW 
Ly OS a SA a nee a BES MOA cs CY PAE PURI Me seek cstaloer yk cree, eucee Reece a rate 825 mW 
NaN POWER IRN tO IV PM he +6 V “All leads welded or soldered to PC board. 
RU RID TOM 4. PY |. caw es 30 V **Derate 10 mW/°C above 75°C. 


***Derate 11 mW/°C above 75 C. 
ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


TEST CONDITIONS, UNLESS NOTED: 
V+=15V, V—-=-15V, Vp =0 


CHARACTERISTIC 


1 


ON Resistance 


Source OFF 
Leakage Current 


S 

i pe bs) be 
: ID (off) we Sli SCE ee 

H isi Liao WE PT yer eel tag ee 


Channel ON 


ID(on) + 'S(on) 


Leskage Current Pe ee 
Input Current, 
‘ ‘ : 
INL Input Voltage Low Pk Wee estilo 
Input Current 
| 
10 INH Input Voltage High ef po] | i 
toff Turn-OFF Time 


. Source OFF 
S(off) Capacitance 


Drain OFF sly 
m| CO(off) Capacitance eee 


Vp =0, Ig =0 
‘i 
Channel ON wi 
15|C 4 2.87 Vp=Vs=0 
Cp(on) + Cs(on) Capacitanceé 
16| | Off Isolation re ea LI Lio Pei epetro tee 


Reference Supply 
Current 


Positive Supply Current meat thc die 2c 


2 “ i= Negative Supply Current | Supply i= Negative Supply Current] | 


Reference Supply 
Current 


*ViN must be a step function with a minimum rise and fall rate of 1 V/us. 
**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vc = constant with logic input waveform as shown. Note that Vc may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


Vin = 0*, All Channels OFF 


soudziMs Bojpuy 


LODC + NC 


+15 V 
ocié Sw. ON SWITCH Vv 
LOGIC "1" = Sw. ; 
LOGIC Hii SWITCH 
INPUT OUTPUT 
ton. tVo 
tp < 10 ns tof, -Vs Yo 
te< 10 ns 
LOGIC 35 pF 
SWITCH INPUT : 
INPUT 
(REPEAT TEST FOR S3 
SWITCH ov _-15V (DG154); AND IN9, Sp 
OUTPUT 


= ; AND Sq (DG154)] 
Vg = +7.5 V A SUFFIX R. 


Vg=+55VBSUFFIX Yo" Vs 


Siliconix 3-31 


DG152 DG154 


TYPICAL CHARACTERISTICS 


r vs 
eRSfon) Typical delay, rise, fall, settling times, and 
gunperarns Capacitance vs Vp switching transients in this circuit. 


ERS==— pe CAPACITANCE IS aa 
= MEASURED FROM 


ag = TEST TERMINAL 


4 | TO COMMON. 
ee + ; 
Be Ea Cc 
ere 
anne me BBR New 


-50 -25 0 25 50 75 100 125 
T — TEMPERATURE (°C) 


C — CAPACITANCE (pF) 


DS(on) — DRAIN SOURCE 
ON RESISTANCE (OHMS) 


—10;—8" —6—4"=2"" 0) 27 456 18 310 


Vp — DRAIN VOLTAGE (V) lf RGEN, RL or CL is increased, there will 
be proportional increases in rise and/or fall 


Switching Time vs Vp 
and Temperature IS(off) vs Temperature 


00 
==o..2-——— 
SE See 
iS aia AE 


t — TIME (us) 


Is(off) — SOURCE OFF CURRENT (nA) _ 
i=) 


Vin — LOGIC INPUT VOLTAGE 


—§5 —35 —15 5 25 45 °65 85; 105 125 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Supply Current vs 
Viny vs Temperature Temperature 


LC 


| Pee 


alate 
Ne 
re ae 
rere ES 


m2 
Bae aie 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


| — ON SUPPLY CURRENT (mA) 


Vin — INPUT THRESHOLD VOLTAGE (VOLTS) 


—50 —25 257° (150 * 75 +100" -125 


Vo — OUTPUT VOLTAGE (VOLTS) 


“OFF” Isolation vs Ry_ Vann Iv 
GEN =~ 
and Frequency Equivalent “OFF” Circuit pe ee ee 


Cc St cote ae 
PTT ETT PSU | Rm 
Ra 
Com PL eee ene 
V+=412V,V==-18V Tanai 
Vp =0,R, =752 ML LTH ‘ 1.0 2.0 A : 
Vin = 220 mV RMS all t — TIME (us) 


106 107 
f — FREQUENCY (Hz) 


Vin/Vi_ — “OFF” ISOLATION (dB) 
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Drivers with Differentially s 


e qT Siliconix 
Driven Normally Open and 
@ 
Normally Closed FET Switches 
e ‘ 
designed for... BENEFITS 
a) Switching High Frequencies ® ee Signal Bandwidth Switching Capa- 
yt Switching in Satellite O OFF Isolation > 60 dB @ 1 MHz 
® e @ Better Radiation Resistance than PMOS 
Applications Drivers 
O. Bipolar Drivers 
ue Portable, Battery Operated ®@ Minimizes Standby Power Requirements 
Circuits | O <1 mW Standby Power 
ea L Sj D} t 4 S + hi ® Less Signal Distortion than CMOS or PMOS 
ow signa isTorrion owiTcning Switches 
Circuits such as Audio Switching SOS eerie epee 
DESCRIPTION 


The DG163 contains four junction-type field-effect transistors designed to function as electronic switches. Level-shifting 
drivers enable low-level inputs (2 to 3 V) to control the ON-OFF state of the switches. The driver inputs are connected 
differentially so that with input IN2 connected to a 2.5 voltage reference, a positive logic ‘’0” at input IN 7 will turn switches 
1 and 3 OFF and switches 2 and 4 ON. A positive logic ‘’1’’ at IN4q will turn switches 1 and 3 ON and switches 2 and 4 
OFF. The normally-grounded VR terminal may be used as an “‘Inhibit’’ terminal, in which case all switches may be held 
OFF with a positive voltage applied to Vp. In the ON state, each switch conducts equally well in either direction, has a 
series resistance of < 15 ohms, and a shunt leakage of < 2 nA. In the OFF state the switches will hold off voltages up to 
15 V peak-to-peak. Switches have make-before-break action. The DG161 is similar to the DG163, except that it contains 


two FET switches instead of four. It is recommended that the DG186 and DG189 be used for new designs. 


PIN CONFIGURATIONS SCHEMATIC DIAGRAMS 


Flat Package Dual-In-Line Package 1 


[Locic | sw | sw2 | 


opera 
7 8 TOP VIEW 
TOP VIEW (6) OFF ON 
ORDER NUMBERS: ORDER NUMBERS: 


DG161AL DG161AP OR DG161BP 
SEE PACKAGE 5 SEE PACKAGE 11 


Flat Package 


ube Ni 
ORDER NUMBER: DG163AL 
SEE PACKAGE 5 
*Common to Substrate and Base of Package 


SWITCH STATES ARE FOR V)n)q = LOGIC “1” INPUT AND 
Vina = 2.5 V BIAS (POSITIVE LOGIC) 
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DG161 DG163 


ABSOLUTE MAXIMUM RATINGS 


Current (Any Terminal) 
V+to VporVs Storage Temperature 15 
Vp or Vs to V— Operating Temperature (A Suffix) —55 to 125°C 
(B Suffix) —20 to 85°C 
Power Dissipation” 
Flat Package” * 
14 Pin DIP*** | 
Vini to Vin2 * All leads welded or soldered to PC board. 
VIN1 or VIN2 to VR **Derate 10 mW/°C above 75°C. 
Vind or Ving to V— ***Derate 11 mW/°C above 75 C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25 C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC A SUFFIX vir |. Qari SOE 


-55 C 
Vini1 =3 V* (SW7 3 ON), 
Vp=5.5V Vina = 2 V* (SW 4,0N) 
| Vs =7.5V,Vp=-75V | ' : 
“ep 5.5.V,Vp=-5.5V 
Vini=2V* (SW13 OFF), 
Vp = 75 V. Vs = -7-9V | Vin = 3 V* (SW 4 OFF) 
Vp =5.5V,Vsg=-5.5V 
Wipe WAS 7/SS)\/ ViINd = 3 V* (SW1 3 0N), 
Vp = Vg=-5.5V Vini = 2 V* (SW2 4 ON) 


oa 


; Drain-Source 
DS(on) ON Resistance 
Source OFF 


| 
S(off) Leakage Current 


Drain OFF 


| 
Dioff) Leakage Current 


Channel ON 


'D(on) + !s(on) Leakage Current 


Input 1 ‘Current, 
| : Vv =2V* 
INTL Input 1 Voltage Low ees hel 


Input 2 Current, 
Input 2 Voltage Low 


Input 1 Current 
wt fa Re ran 
i IN1H Input 1 Voltage High INTs ad 


NWN2L Vind =2V*, Vint =2.5 V* 


Input 2 Current, 


Input 2 Voltage High VINZF VAN Se Oe 


'IN2H 


Turn-ON Time 
See Switching Time Test Circuit 
Turn-OFF Time 


Beles coh as Fiabe 

seu od PB3 en Baw ETO pet zen) Debre nit 
seranailse [9] eed 
aaa NE 
oan ome] el 


fOffitsoldtionL petit? | TT | Isolation Typ > 50 dB at 1 MHz** Rig = 100) 27 C= 3ipk 


| eee 


Reference Supply 
Current 


fit Positive Supply Current | fit Positive Supply Current | Current 


aay. 
Yi 
aor blogetive SuBmiy Curren: aoe el lke Vint = Ving = 0.8 V*, All Channels OFF 


Reference Supply 
Current 


*ViN must be a step function with a minimum rise and fall rate of 1 V/s. 
**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. LODF + NIP 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


LOGIC ‘1 = SW. ON SWITCH 


LOGIC 
ae INPOT SWITCH 


tp < 10 ns ' ton, tVg OUTPUT 
te < 10 ns toft, —Vg 
vet +7.5 V A SUFFIX 
SWITCH Vg = +5.5 V B SUFFIX 


INPUT 
LOGIC 


SWITCH 
OUTPUT 


(REPEAT FOR S3 AND Sa) 
(DG163) 
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TYPICAL CHARACTERISTICS 


"pS(on) ~ DRAIN-SOURCE ON RESISTANCE (OHMS) 


t— TIME (us) 


Vin 1— INPUT 1 THRESHOLD VOLTAGE (VOLTS) 


OFF ISOLATION (dB) 


"DS(on) VS 
Temperature 


25) 750), 75-100) 125 
T — TEMPERATURE (°C) 


Switching Time vs Vp 
and Temperature 


0 
—55 -35-15 5 25 45 65 85 105 125 
T — TEMPERATURE (°C) 


VIN(th) vs Temperature 


gh x ys] SW. 1& 3 ARE ON 
SW. 2& 4 ARE OFF 


} 


/ 
A\ 


\\) 


ALL SWITCHES “OFF’’—tS 


=90 7-251) 0) 25 50. 75,' 100). 125 
T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


f — FREQUENCY (MHz) 


Typical delay, rise, fall, settling times, and 
Capacitance vs Vp switching transients in this circuit. 


CAPACITANCE 1S 

MEASURED FROM 

TEST TERMINAL 

TO COMMON. 
1 


€9L9d LILOG 


rm 
& 
iu 
Oo 
2 
< 
Ee 
Oo 
< 
a 
< 
oO 
] 
oO 


0 
—NOe On —65 40-2 02, 948 6) 78) 10 


Vp — DRAIN VOLTAGE (VOLTS) lf RGEN, RL or Cy is increased, there will 
be proportional increases in rise and/or fall 
RC times. 
IS(off) VS Temperature 
1 
a 
= 
re Ww 
ci g 
cc s 
2 fe) 
(S) > aes 
we 
5 25 
Ww 2 2 
2 2 
2 o) 
8 ° 
| | 
= z 
& > 
2 
105 
T — TEMPERATURE (°C) 
Supply Current vs 3 
Temperature 
q 
a =D 
: Q 
E mes 
iy ig Os Se bi re) 
at eee n 
S) en ea ee een ne © 
a Fs) 
= = 
2 3 wr 
2 <q 
5 5 $ 
fe) 
= a = ® 
> cates 
a 
= a) 
-50 -25 0 25 50 75 100 125 2 ap 
T — TEMPERATURE (°C) 5 
$ 9] 


SIGNAL 
SOURCE B ae 
Z=502 Ly ak 


i Vin! 
“OFF” ISOLATION © 20 LOG —— 
iv! 
A - DRAIN OF “OFF” SWITCH 
B - SOURCE OF “OFF” SWITCH 


t— TIME (us) 
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e Siliconix 
Driven Normally Open and ~~ 
Normally Closed FET Switches 
designed for overs BENEFITS 
zB Switching High.Frequencies e ae se Signal Bandwidth Switching Capa- 
& Switching in Satellite ; roe! hyena ae a te 

Applications Sens a adiation esistance an 


© Bipolar Drivers 


a Portable, Battery Operated @ Minimizes Standby Power Requirements 


Circuits © <1 mW Standby Power 
- > A ; . @ Less Signal Distortion than CMOS or PMOS 
m Low Signal Distortion Switching Switches 


Circuits such as Audio Switching © Constant ON Resistance 
DESCRIPTION 


The DG164 contains four junction-type field-effect transistors designed to function as electronic switches. Level-shifting 
drivers enable low-level inputs (2 to 3 V) to control the ON-OFF state of the switches. The driver inputs are connected 
differentially so that with input IN2 connected to a 2.5 voltage reference, a positive logic ‘’0’’ at input IN 7 will turn switches 
1 and 3 OFF and switches 2 and 4 ON. A positive logic “1” at INq will turn switches 1 and 3 ON and switches 2 and 4 OFF. 
The normally-grounded VR terminal may be used as an “‘Inhibit’’ terminal, in which case all switches may be held OFF with 
a positive voltage applied to VR. In the ON state, each switch conducts equally well in either direction, has a series resis- 
tance of < 50 ohms, and a shunt leakage of < 2 nA. In the OFF state the switches will hold off voltages up to 15 V peak-to- 
peak. Switches have make-before-break action. The DG162 is similar to the DG164, except that it contains two FET 
switches instead of four. It is recommended that the DG187 (or DG188) and DG190 (or DG191) be used for new designs. 


PIN CONFIGURATIONS SCHEMATIC DIAGRAMS — 
V+ 


Flat Package Dual-In-Line Package 11 


TOP VIEW 


ORDER NUMBERS: 


DG162AL DG162AP OR DG162BP 


SEE PACKAGE 5 1 ONS ROBE SEE PACKAGE 11 


Flat Package Dual-In-Line Package 


7 
TOP VIEW 


ORDER NUMBER: 


TOP VIEW 


ORDER NUMBERS: 
DG164AP OR DG164BP 
SEE PACKAGE 11 


TOP VIEW 
ORDER NUMBER: 
DG164AL 
SEE PACKAGE 5 
*Common to Substrate and Base of Package 
SWITCH STATES ARE FOR ViINd =LOGIC “1” INPUT AND . 
ViNn2 = 2.5 V BIAS (POSITIVE LOGIC) 
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ABSOLUTE MAXIMUM RATINGS 

TREE Tee ack ee a Seer l ane Frio ss 36 V 
Vat oemor Vise. 5h The. di Gn. Bier BY es 36 V 
Vipor VisttOav— PL ee Pe RP 36 V 
RR MCOMNE Ry Dn ses ck @ foie eae ie Sela ee Bee we +22 V 
MOOR ME Ai her. Ca ea BWA gw see kas ; 25 V 
REPEC TOR OV IN(D- 5500. 5. ek ee ee de 25 V 
ECP OR Trg cs ee She cp o se mgieviels bow a ci gs 25 V 
MRI TMOMIN OO ie AP he Re. ae eo. 
POCA NI OSCOUN RS Soecnira Shiela Gears suelo pane bre +6 V 
ROMANO NOV. Bc a etme 3 ley we Wik 30 V 


CORE OLAITY ZLCEIIINAL rere tt ernie ctitsccth ah etn etats 30 mA 

Storage Temperature ........ 2M tp. saRe 65 to 150°C 

Operating Temperature (A Suffix)...... —55 to 125°C 
(B:Suffix)s: 6 ¢sars —20 to 85°C 

Power Dissipation” 

BlathPackader ) eos... taws Bina bepudjuueteeee 4 be 750 mW 

i ARNE BL SDE aa ves ER eR Ae Pee ancy DAE Sure Peace i 825 mW 


* All leads welded or soldered to PC board. 
**Derate 10 mW/°C above 75 C. 
***Derate 11 mW/°C above 75 C. 


ELECTRICAL CHARACTERISTICS Ali DC parameters are 100% tested at 25 C. Lots are sample-tested for AC 


parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 
CHARACTERISTIC A SUFFIX B SUFFIX UNIT WES eA Seah eal da 
i : V+ = 15 V, V— = -15 V, Vp = 0, Ving = 2.5 V* 
rDSion) Drawrsource Q 2 Vina =3 V* (SWy 3 ON), 
D(o ; 
ea ence Channel ON Ee ies PS ee a Vo FVse Sas V Vint = 3 V* (SWy,3 ON) 


9 i Input 1 Current, 0 
INTL Input 1 Voltage Low 


1 
0.1 


Input 2 Current, 
it 2 
be HIN2L Input 2 Voltage Low for | or | | 
Input 1 Current 
: ' 1 150 
1 NINTH Input 1 Voltage High .; | | | 
Input 2 Current 
' 120 150 
12) 'IN2H Input 2 Voltage High ‘ |e | | 


pame 
Ese man 


Drain OFF 


oe CD (off) Capacitance 


Channel ON 
CD(on) + CS(on) Capacitance 


Off Isolation 
19 I+ Positive Supply Current Bet i S 


13 ton Turn-ON Time 
Y 
A 


20 I- Negative Supply Current 


Reference Supply 
Current 


P 
22 L I+ Positive Supply Current Cha! 
31Y }1— Negative Supply Current Cas 


Reference Supply 


! 
2a R Current 


*V1N must be a step function with a minimum rise and fall rate of 1 V/us. 


SWITCHING TIME TEST CIRCUIT 


ES 
a 
ae 
ce 
= 
> 


f 
B « 
4 * 
< 
ae) 


ig 


**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


Vin2=2V*, Vind = 2.5 V* 


on 
jo) 
jo) 


MiNi ove 


Vin2=3V*, Vind = 2.5 V* 


See Switching Time Test Circuit 


Vig) =10; lipi=10) 
pF Vip a OF lg — 0 
VipsVis—0 


A Viny = 2 V* or Vind = 3 V*, One Channel ON 


Vind = VIN2 = 0.8 V*, All Channels OFF 


LODF + NC 


f = 1 MHz 


tea 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 


spikes at leading and trailing edge of output waveform. 


LOGIC "1" = SW. ON 


LOGIC 
INPUT 


t, < 10 ns 
te << 10 ns 


SWITCH 
INPUT 


SWITCH 
OUTPUT 


Siliconix 


Vo 


2.5V +15 V 
SWITCH O} O 
INPUT 


SWITCH 
fon *Vs OUTPUT 
on 

toff. —Vs 

Vg = +7.5 V A SUFFIX 
Vg = +5.5 V B SUFFIX 


LOGIC 
INPUT 


(REPEAT FOR S3 AND Sy) 
(DG164) 


Re 
=Vg ———-—— 
Ri+'ps(on) = 
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DG162 DG164 


TYPICAL CHARACTERISTICS 


'DS(on) YS 
Temperature 


100 


2 
55 
2 Ww 
2 
zlZ 40 
ao a 
96 
Sh 
te 
anz2Z 
a6 
1 
—50 -25 0 25> 50) 275, 100) 125 
T — TEMPERATURE (°C) 
Switching Time vs Vp 
and Temperature 
2 
9 BN NE TF 
By ined 
1.4 
Lene 
| 
raed og Boe 
1 08 
P [vosriow | 
Vp =+10V 
0.4 D 


Sa at 
ee 30) —15)) 5925) 45) 655 85) 105) 125 
T — TEMPERATURE (°C) 


VIN (th) Vs Temperature 


Vin 1—!NPUT 1 THRESHOLD VOLTAGE (VOLTS) 


90) —25) 90) 25 250" 9757) 10000125 


T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


Vin/VL — “OFF” ISOLATION (dB) 


f — FREQUENCY (Hz) 
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C — CAPACITANCE (pF) 


1! — ON SUPPLY CURRENT (mA) 


Ig(off) — SOURCE OFF CURRENT (nA) 
3 


1000 


BERREEEREH 
ALY 


Nop 


Capacitance vs Vp 


CAPACITANCE IS 


TEST TERMINAL 
TO COMMON. 


Vp — DRAIN VOLTAGE (V) 


IS (off) vs Temperature 


| | | terme 
MEASURED FROM aed Ig =0 
Pea al 


Don) (7 paste 


(al EE ee ac cteen 
DTS Va | PN 
Pasta I Ea SI 
ee aA 
PS a 


—10 -8 -6 -4-2 0 2 4 6 8 10 


T — TEMPERATURE (°C) 


Supply Current vs 
Temperature 


—50 -25 0 25 
T — TEMPERATURE (°C) 


Equivalent ‘“OFF”’ Circuit 


Siliconix 


Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


lf RGEN, RL or Cy is increased, there will 
be proportional increases in rise and/or fall 
RC times. 


Ww 
oO 
4 
- 
a 
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— 
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° 
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bai 
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ee 
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Po Lak: | genes aay ae 


Vo — OUTPUT VOLTAGE (VOLTS) 


|S |A | Moen ie alana 
Spee Se 
KORRES 
1.0 ||) 210) 21s omer 
t — TIME (us) 


Monolithic 4-Channel Driver Ss 
with PMOS Switches ic 


designed for... BENEFITS 


cLLOG 


i ns . . . @ Easily Interfaced 
a" Make Before Break Switching O TTL, CMOS, DTL Direct Drive Compa- 
i.e. Feedback Resistor Switching tibility 
in Variable Gain Op-Amps @ Reduces External Component Requirements 
O No Interface Components Required 
ie Low Leakage Switching such O Voltage—Limiting Diodes Protect PMOS 
® e Gates 
as Sample and Hold Circuits 
DESCRIPTION 


The DG172 contains four MOS field-effect transistors designed to function as electronic switches. Level-shifting drivers 
enable a low-level input (0.8 to 2.0 V) to control the ON-OFF condition of each switch. In the ON state, each switch will 
conduct current equally well in either direction. In the OFF state, the switches will block voltages up to 20 V peak-to-peak. 
Positive logic ‘’0’’ at the driver input will turn each switch ON. A common driver terminal V{_ may be used to clock all four 
switches by switching the device from the ENABLE mode (2 4 V) to the INHIBIT mode (< 0.4 V). 


FUNCTIONAL DIAGRAM SCHEMATIC DIAGRAM 


V+ VL 
O 12 


ON 
OFF 


soud1ims Bojpuy 5 


SWITCH STATES ARE FOR LOGIC “1” INPUT. 
(POSITIVE LOGIC) 


PIN CONFIGURATIONS 


Flat Package 


1 14 


TOP VIEW ~ 
ORDER NUMBERS: DG172AP OR DG172BP 
SEE PACKAGE 11 


DG172CJ 
*Common to Substrate and Base of Package SEE PACKAGE 7 


Li 8 
TOP VIEW 


ORDER NUMBER: DG172AL 
SEE PACKAGE 5 
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ABSOLUTE MAXIMUM RATINGS 


VERO ia wapaiadn Soe ener tie Leva Ry te een 36 V Operating Temperature (A Suffix) . . . —55to 125°C 
Ata (eid pate #1 ode) Mi Ee ee RETR Ma Pete 25 V (B Suffix) . . . . ~20to 85°C 
Vito Vieie | Reeser attire Gr Hi a aa eos 25 V (C'SUTfix)? @ a. 0 to 70°C 
Veta Vaasa ee Sy bods Shige 36 V Power Dissipation” 
Vp toV—.IC on. cee ae 36 V Flat Package™* . Solo.) S&B Qperaregaso rw 
LN Fo Co DAA i Wenn RN, once SP TRAC SAR Sb SR Eo 25 V 14 Pin DIP (ceramic) *** I iho iss 
Wy to Vee peak ates ose de, er) 30 V Ta Pinghlastic DAP “eo kak |. . lesen, gl Omw 
Vtto VIN -3ct cAuer sree sehen: = bere eee +6 V *All leads welded or aoliered to 0 PC board 
Mio to: Vipatenerepemteie IeanGee Jap Mine) he. a et +6V **Derate 10 mW/°C above 75 C 
VINEGAR Coie is oo cue aie ad en +6 V ***Derate 11 mW/°C above 75°C 
Current (Any Lerminall 6 aetec eo. es eee 20 mA ****Derate 6.3 mW/°C above 25°C 
Storage Temperature (A & B Suffix) ..... -65 to 150°C 

eH a EE -65 to 125°C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
CHARACTERISTIC nl DG172B DG172C UNIT TEST, CON DTT ONE WHE NRTER: 
V+=10V, V—=~-—20V,V_ =5V,VR=0 
1 ah 
rain-Source 
2] « ieee 200 350 
3 Ww : —_ | 450 | | 450 | | 600 | 500 | | 500/15] fi Ea 
ource be e 
4] FL istom poqeapetntento | Te Miao aden ame 
Drain OFF 
Channel ON 
Input Current, = 
Input Current, 
9 Turn-ON Time 0.3 0.5 0.08 Typ* E 
10 p oe Turn-OFF Time 0.75 1 0.5 Typ* : 
Source OFF ah 
w | Cstotf Capacitance © Typical 
Drain OFF ea es 
12 ‘ Cp (off) Capacitance 18 Typical pF 


Channel ON ale 
ss ¢ CD(on) + Cs(on) Capacitance 28 Typical 


i4| fof ieotation, TOM senecy | Mg LU tyes boasecemnas |) ify Rs soo 
ea a Poditive Supply;curent |" 4] oy B| Lely ete | 

6] [Ee Negative Supply Current |__| -5.1 | [| =) |_| = 

i KogioSuppit Curteit pf Of “Pr 


I Vin =9, One Channel ON 
a8 See ea n=) 
eference Supply 
19 i Current end aes 28 ae 


r eae a ope DPonwesunplycorpnt | eA PT Welt] ieee | 101s fe 
7 ‘ 


Pay FRE ep SP reer EN 2 2 al Channels OFF 
PO ee eee ee 
Reference Supply 
*Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing ; CMD 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


ns 5V 10 V 
inpuT °Y. SWITCH y 
tp<10ns 2.5 V iNeOT SWITCH 
tf < 10 ns H : OUTPUT 
Vs=+10VO O Vo 
CL 
SWITCH y LOGIC BF 
INPUT INPUT 
SWITCH 
OUTPUT 
= OV ~20V 
(1/4 CIRCUIT SHOWN) Vo=Vs AO Pies 
REPEAT FOR Sp — Sq. RL * "Dsion) 
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TYPICAL CHARACTERISTICS 


1}y) — LOGIC INPUT CURRENT (uA) t — TIME (ns) 'DS(on) — DRAIN SOURCE ON RESISTANCE (OHMS) 


IVinl/!V_! — “OFF” ISOLATION (dB) 


DS(on) VS Vp and 
Temperature Capacitance vs Vp or Vs 


CAPACITANCE IS MEASURED 
* FROM TEST TERMINAL TO 
COMMON. 


(in Do i es 
SeneK 305 


Cs (off) 
0 a ae ae a 
S108 64 2 Ol ain y4 Gein 0 
Vp — DRAIN VOLTAGE (VOLTS) Vp OR Vg — DRAIN OR SOURCE VOLTAGE (VOLTS) 


C — CAPACITANCE (pF) 


Switching Time vs Vp ID (oft) /!S (off) VS 
and Temperature Temperature 


Peon 


— 'sloff) 
= Ig (ogg) (A SUFFIX) 
, 


< 
= 
be 
2 
Ww 
cc 
[ong 
= 
oO 
Ww 
) 
< 
¥ 
< 
Ww 
a) 
= 
ce 
Ks 
co 
fe) 
Se 
= 
2 
ne) 


0 
—O5r—-aOr— toi 9) 20145, 65) 85 105° 125 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Supply Current vs 
lin VS Vipy and Temperature Temperature 


= — 
i MoH lalla a — 


| — SUPPLY CURRENT (mA) 


—55-—35 —-15 5 25 45 65 85 105 125 
Vin ~ LOGIC INPUT VOLTAGE (VOLTS) T — TEMPERATURE (°C) 


“OFF” Isolation vs Ry 
and Frequency 


SIGNAL 
SOURCE B 
Z = 5022 


"I 


| 
“OFF” ISOLATION 2 20 LOG va 


A - DRAIN OF “OFF” SWITCH 
B - SOURCE OF “OFF” SWITCH 


f — FREQUENCY (Hz) 


Siliconix 


Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


cLLOG 


lf RGEN. RL or Cy is increased, there will 
be proportional increases in rise and/or fall 


RC times. 
uy 
oO 
= 
s 8 
> 6 
Lea 
ee 8 Pere ope ee 
a - 
ay Sl Re gc oe peel 
Toten me ee 
ale aa las al aa je 
° 0 LOGIC IN 
; eh othe | lal |. 
of ee 
> 


ese eae 
Be al 


Vout — OUTPUT VOLTAGE (VOLTS) 


sousdiiMs Bojpuy | 


-1 0 Shh a 3 4 
t — TIME (us) 
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DG180-DG191 Series 


a Fast Acquisition Speed in 
Sample and Hold Circuits 


gm Low Leakage Switching 
Applications i.e. Sample and 
Hold Circuits 


ge High Frequency Signal 
Switching such as Video. sie: 


g Low Distortion Switching, 
Audio Signals 


mg Low Level Switching ir it 1 Low 
impedance Circuits . 


a Fast, Low Resistance D/ A 
Ladders 


DESCRIPTION 


FUNCTIONAL DESCRIPTION 


VL 


PART 
Dual SPST 
Dual SPST 
Dual SPST 
Dual DPST 
Dual DPST 
Dual DPST 
SPDT 
SPDT 
SPDT 
Dual SPDT 
Dual SPDT 
Dual SPDT 
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High-Speed Driver with 
JFET Switches designed for... 


. oe Less Signal Distortion than CMOS or PMOS 


The DG180 series contains two to four N-channel junction-type field-effect transistors (JFET) designed to function as 
electronic switches. Level-shifting drivers enable low-level inputs (0.8 to 2.0 V) to control the ON-OFF state of each switch. 
The driver is designed to provide a turn-off speed which is faster than turn-on speed, so that break-before-make action is 
achieved when switching from one channel to another. In the ON state each switch conducts current equally well in either 
direction. In the OFF condition the switches will block voltages up to 20 V peak-to-peak. Switch-OFF input-output feed- 
through is > 60 dB at 10 MHz, because of the low output impedance of the FET-gate driving circuit. 


SCHEMATIC DIAGRAM (Typical Channel) 


bay 


Siliconix 


BENEFITS 


® Eliminates Large Signal Error 
O <2 nA Leakage from Signal Channel in 
Both ON and OFF States 


@ Increased Current Handling Capabilities 
O 200 mA Maximum Switching Current 


® Higher Bandwidth Switching Capabilities 
© Cross-Talk and OFF Isolation > 55 dB 
at 1 MHz (75 Q Load) 


@ Easily Interfaced 
O TTL, DTL, RTL Direct Drive 
Compatibility 


Switches 
O Constant ON Resistance 

@ Low Voltage Drop Across Switch in the ON 
State 


© tds(on) S 


<102 


Siliconix 


PIN CONFIGURATIONS 


Metal Can Package Flat Package Dual-In-Line Package 


DUAL SPST 
LoGic | SWITCH 
0 ON 
1 OFF 
SWITCH STATES ARE 
FOR LOGIC "1" INPUT 


TOP VIEW TOP VIEW 
ieee LOGIC) ORDER NUMBERS: Le aid ORDER NUMBERS: 
DG180AA OR DG180BA ORDER NUMBER: DG180AP OR DG180BP 
DG181AA OR DG181BA DG181AL DG181AP OR DG181BP 
DG182AA OR DG182BA SEE PACKAGE 5 DG182AP OR DG182BP 
SEE PACKAGE 2 *Common to Substrate and Base of Package SEE PACKAGE 11 


*Common to Substrate and Case 


Flat Package Dual-In-Line Package 


DUAL DPST 


ON 
SWITCH STATES ARE 
FOR LOGIC “1” INPUT 1 Sociel Top view 
(POSITIVE LOGIC) ORDER NUMBERS: ORDER NUMBERS: 
DG184AL OR DG185AL DG183AP OR DG183BP 
SEE PACKAGE 5 DG184AP OR DG184BP 


*Common to Substrate and Base of Package DG185AP OR DG185BP 
SEE PACKAGE 12 


Metal Can Package Flat Package Dual-In-Line Package 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT 
(POSITIVE LOGIC) 


TOP VIEW TOP VIEW 


ORDER NUMBERS: 


2 
TOP VIEW 


ORDER NUMBERS: 


DG186AA OR DG186BA ORDER NUMBERS: DG18GAP OR DG186BP 

DG187AA OR DG187BA DG187AL OR DG188AL DG187AP OR DG187BP 

DG188AA OR DG188BA SEE PACKAGE 5 DG188AP OR DG188BP 
SEE PACKAGE 2 *Common to Substrate and Base of Package 


SEE PACKAGE 11 
*Common to Substrate and Case 


Flat Package Dual-In-Line Package 


DUAL SPDT 


SWITCH STATES ARE 
FOR LOGIC “1"’ INPUT TOP VIEW : 
(POSITIVE LOGIC) ORDER NUMBERS: ORDER NUMBERS: 


DG190AL OR DG191AL DG189AP OR DG189BP 
SEE PACKAGE 5 DG190AP OR DG190BP 


DG191AP OR DG191BP 
SEE PACKAGE 12 


TOP VIEW 


*Common to Substrate and Base of Package 
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o ABSOLUTE MAXIMUM RATINGS 


DG180-DG191 Seri 
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102 


302 


75 Q 


NOTES: 


V+ to V— 
V+ to Vp 
Vp to V— 
Vp to Vs 
VL to V— 
Vi to VIN . 
VL toVR 
ViINtoVR. 
VR to V— 
VR to VIN . 


Current (Any Terminal except S 


CHARACTERISTIC 


Drain Source 
ON Resistance 


DS(on) 


Source OFF 
Leakage Current 


Drain OFF 
Leakage Current 


'D(off) 


Ioja-so 


2) 
2 

oO 

a \ #1 Channel ON 

g Dion) * 'S(on) Leakage Current 

es 

} loss Saturation Drain Current 
& | Input Current, 

@ INL Input Voltage Low 

co | Input Current, 

t} INH Input Voltage High 

oO 

a) 


ton Turn-ON Time 
D 
Y tort Turn-OFF Time 


N Cs (off) Source OFF Capacitance 
A 


Channel ON Capacitance 


OFF Isolation 


Drain-Source 
ON Resistance 


o- 
ie} 
= 
) 
Ey 
+ 
ie) 
Ce 
° 
= 


Source OFF 


Leakage Current 


Drain OFF 


Leakage Current 


Channel ON 


'Dion) * 's(on) Leakage Current 


Input Current, 


i=) 
2) 
= 
oO 
fa) 
= 
o 
= 
co) 
fa) 
< 
a 
2 
re) 
fa) 
- 
tS 
9 
ra) 


| 9 
c 
ra 

14 


INL Input Voltage Low 
Input Current, 
INH Input Voltage High 
tan Turn-ON Time 
toff Turn-OFF Time 

oD 

vine Source OFF 

" S(off) Capacitance 

A @ Drain OFF 

a Dioff) Capacitance 

c Channel ON 


CD(on) + Cs(on) Capacitance 


Off Isolation 


Drain-Source 


DS(on) ON Resistance 


Source OFF 


! 
S(off) Leakage Current 


Drain OFF 


i 
D(off) Leakage Current 


ate ee aaa ent S| 


S 
= 
o 
2 | Ay Channel ON 
® Dion) * 'S(on) Leakage Current 
5 \ Input Current, 
g INL Input Voltage Low 
nee 
Input Current 
1) 1 . 
o INH Input Voltage High 
cS) 
2 ton Turn-ON Time 
o 
a 


D 

Source OFF 
A Xe! 
x S(off) Capacitance 
A fe Drain OFF 
is Dioff) Capacitance 
c Channel ON 
Cp\(on) + Cs(on) Capacitance 


Off Isolation 


= 


Vin = 9.8 V or 2.0 V to turn ON switch under test. 


36 V 
33 V 
33 V 
2 2M 
36 V 

8V 


8V 
27 V 
2V 


GeO) 70 30 mA 


MAX LIMITS 
A SUFFIX B SUFFIX 


; 


1 


0 
2 


300 Typical* 


a 


OARS a 


17 Typical* 


Typical > 55 dB at 1 MHz * 


6 Typical* 
14 Typical * 


| 10] 20 


300 


zs 
a) 


2. Vin = 0.8 V or 


3 


Gurrentsi Sor) SO); 75:92) serene 30 mA 
TO: SROnIVe 2s ee + eeZOO MA 
Storage Temperature. “9! 5. | | =65iton1b0rG 
Operating Temperature (A Suffix) . —55 to 125°C 
(B Suffix) —20 to 85°C 
Power Dissipation * 
Metal: Can*®* .fee* 2205 eth os On: pe OOITINN 
14 Pin: DIPPZ™) . «) ote 2 yl Pe 6) Sooo, 
16iPin DIRE a apes a Oe Pe OOERA NY 
Flat: Packer oi? ot wie % « « ‘« same GOON VY 


* All leads welded or soldered to PC board. 
**Derate 6 mW/°C above 75°C. 
***Derate 11 mW/°C above 75°C. 
****Derate 12 mW/°C above 75 C. 
*****Derate 10 mW/°C above 75°C. 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25-°C. Lots are sample tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 


TEST CONDITIONS, UNLESS NOTED: 
V+=15V,V—=—-15V,V, =5V,V_=0 


UNIT 


Ig =-10 mA 
Vp =-7.5V Vin = 0.8 V or 2.0V Note 1 
Vg = 10 V, Vp = -10V 
V+=10V,V—=—20V 
Vp = 10 V, Vg = -10 V Vin = 2.0 V or 0.8 V 
V+=10V,V—=-20V Note 2 
Vp = 7.5 V, Vg =-7.5V 
Vp = Vg =-7.5V 
mA 2 msec Pulse Duration 
VIN = 
UA 
Vin =5V 
ns See Switching Time Test Circuit 
Vg=-5V, Ip =0 
f= 1MHz 
Vp =Vs=0 
* Is =-10 mA 
MD ay Vin=08Vor20v Note! 
Vg = 10 V, Vp =-10V, 
V+=10V, V—=—20 V 
Vp=10V,Vs=-10V, Vin = 2.0 V or O8 V 
V+=10V, V—==—20 V Note 2 
Vp =7.5V, Vs =-7.5V 
Vp =Vg=-7.5V 
Vin =0 
7 yi 
Vin=5V 
See Switching Time Test Circuit 
Vg =-5 V, Ip =0 
pF Vp ==5 V, Is: =0 = 1 MHz 
Vp =Vs=0 
RL =75 2 
Vp =-10V isco l0.mA Note 1 


Vin = 0.8 V or 2.0 V 


Vs = 10V, Vp =-10V, 


V+=10V, V—=-20V 


Vs = 10 V, Vp = -10 V 


Vp =10V, Vs =-10V, Vin = 2.0 V or 0.8 V 


Note 2 


> 


V+=10V, V—=—20 V 


Vp=10V,Vg=-10V 


Vp=Vs=-10V 


Vin=0 
uA 
Vin=5V 


See Switching Time Test Circuit 


Vsg=-5V,Ip=0 
pF Vp =-5V,ls =0 f = 1 MHz 
Vp =Vs=0 


RL =75 2 


2.0 V to turn OFF switch under test. 
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ELECTRICAL CHARACTERISTICS Power Supply Current (25°C) 
UNIT 


CHARACTERISTIC DG180, DG181 
DG182, DG189 


DG190, DG191 


> All Vin = OV 
mA 
- All Vin = 5 V 
CMJA + NC — DG184,DG185 CMJB + NC — DG181, DG182, CMJC + NC — DG187, DG188 
CMJA + NIP — DG183 DG190, DG191 CMJC + NIP — DG186 


CMJB + NIP — DG180, DG189 


SWITCHING TIME TEST CIRCUITS 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or — 


TEST CONDITIONS, UNLESS NOTED: 
V+ = 15: V; V—-=—-15 V, Vp =5V; Vp =0 


as 


per switching time test circuit. VQ is the steady state output with switch on. Feedthrough via gate capacitance may result 


in spikes at leading and trailing edge of output waveform. 


DG180 — DG185 DG186 — DG191 
5V 15 V 
VE V+ SWITCH OVec 
O15 V pee SWITCH 
SWITCH SWITCH S3 OUTPUT 
INPUT Sq OUTPUT on, Vem tay [2 OVo 
O O = 
ton, Vg = +3 V toff, Vgs=—3V 
=-9V 
‘oft Vs IN4 ah 30 pF CL 
LOGIC 
LOGIC 
INPUT a5 INPUT 


—15V (REPEAT TEST FOR R = = 
v- INz AND Sp») Vo=Vs 5 (REPEAT TEST FOR 
L 


R 

Vo=V L ee or ae 
Hy = Ov 

DS(on) = R e EE IN», Sp AND Sq) 


= Vig 
Ri*'ps(on) = 


LOGIC “1” = SW. ON 


INPUT 
ty < 10 ns NOTE; LOGIC INPUT WAVEFORM 
ty < 10 ns IS INVERTED FOR SWITCHES 
THAT HAVE THE OPPOSITE © 
LOGIC SENSE CONTROL 
SWITCH 
INPUT 
SWITCH 
OUTPUT 


APPLICATION HINTS* 


V+ V- VL VR Logic Input Vs 
Positive Negative Logic Reference Voltage Analog 
Family Supply Supply Supply Supply Vinnp Min/ Voltage 
Voltage Voltage Voltage Voltage Vin, Max Range 

(V) (V) (V) (V) (V) (V) 


—7 Sto FEtS 
—12: Sito 1.0 
—4.5to+12 
=—10,to7e15 
—15:tort10 
—7toit+12 


*Application Hints are for DESIGN AID ONLY, not guaranteed and not 
subject to production testing. 


**Electrical Parameter Chart based on V+ = +15 V, V-=—-15 V, Vi, =5 V, 
VR = Gnd. 
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TYPICAL CHARACTERISTICS 
Supply Current vs Temperature lin) vs Vjqy and Temperature 


oe 
o 


nN 
Oo 


0 
—55 -35 -15 5 25 45 65 85 105 125 —55 —35 —155, 5 25 45 65 85 1057925 


@ 
DG 180-DG191 Series 
| — SUPPLY CURRENT (mA) 
Ij) — INPUT CURRENT (uA) 
P= fo?) 
Oo o 


T — TEMPERATURE ('C) T — TEMPERATURE (°C) 


10 Q2 30 QQ 75 Q2 


DG180 DG181 DG182 
DG183 DG184 DG185 
DG186 DG187 DG188 
DG189 DG190 DG191 


'DS(on) VS Temperature 'DS(on) vs Temperature DS(on) VS Temperature 


0 ————— (0005 yee a 


ans ee Be as i I Ss) 


—V, (MAX). 
Ig =-10mA A 


al 
i=} 
o 


ESSE —— rsa 
== 


A SUFFIX 77 
ba) 


PEN PUTT 
UNIT TTT 
TINIE TCT 


PAT TTT 


EABee 
ET NTT PT 


—50 -25 0 25 ..50 75,100, 725 


a 
= 
ae 
2 
Ww 
oO 
ra 
¢ 
i 
yu 
Ze) 
Ww 
c 
2 
(oe) 
Ww 
iS) 
c 
=) 
[o} 
” 
= 
<x 
c 
fa) 
| 
e 
& 
n 
(a) 
c 


"DS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 
'pS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Switching Time vs Vp Switching Time vs Vp Switching Time vs Vp 
and Temperature and Temperature and Temperature 


t — TIME (ns) 
t — TIME (ns) 
t — TIME (ns) 


om Cee mS | 
ee 0 a ET A RR A 
Fy a SR ESE ETI dg id ial Rimes 


=55 -35 -15 5 25 45 65 85 105 1 50 
he -65 -35 -15. 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Leakage vs Temperature ID (off) vs Temperature I D (off) vs Temperature 


g 
s 


TEST LIMITS V+= 10 V, V— = -20V TEST LIMITS V+= 10 V, V—= —20V 
= BSUFFIX V, =5V,Vp=0 = B SUFFIX V, =5V,Vp=0 
° ASUFFIX Vp = —10V, Vg = 10 V ° ASUFFIX Vp =-10V, Vg = 10 V 


= 
So 
o 
= 
s 


oO 
NII] 
i Mn 


LEAKAGE CURRENT (nA) 


9 
° 
= 


[A 
A | 


ni 
Zl 4 
6 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


ID(off) — DRAIN OFF CURRENT (nA) 
r) 

ID (off) — DRAIN OFF CURRENT (nA) 
r=) 


° 
Bs 


ABBE 


a 
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TYPICAL CHARACTERISTICS (Cont'd) 
Capacitance vs Vp or Vs 
10: FET 


Te 
St Oe SS ea 


Teer 

se ee 
G 
4 


Capacitance vs Vp or Vs 
30-75 Q). FET 


Typical delay, rise, fall, settling times, 
and switching transients in this circuit. 30 


VW 


S$ L6LOG-08L9d 


C — CAPACITANCE (pF) 
C — CAPACITANCE (pF) 


CAPACITANCE !S MEASURED FROM 
TEST TERMINAL TO COMMON 


solid 


0 
—10 8 —6) —4' -2. QO 2:8 4-6. 8 10 
Vp or Vg — DRAIN or SOURCE VOLTAGE (VOLTS) Vp or Vg - DRAIN or SOURCE VOLTAGE (VOLTS) 


If RGEN, Ri or Cy is increased, there 


will be proportional increases in rise Equivalent “OFF” Circuit 


and/or fall times. 30-75 2 FET 
0.1 pF 
DG181, DG182, DG184, 
DG180, DG183, DG186 DG185, DG187, DG188, sor Bao 


DG189 


LOGIC INPUT 


Malas Wb de els sf 
FA 


Vin —-LOGIC INPUT VOLTAGE 


Vo — OUTPUT VOLTAGE (VOLTS) 


EB eal 0.8 1.2 1.6 
t — TIME (usec) 


Vj, — LOGIC INPUT (VOLTS) 


Vo — OUTPUT VOLTAGE (VOLTS) 


DG190, DG191 


lenesitetist 
wl 


YS ae 


pelonene Leia 
Rae Epes bo 
Soe Sa Tahal 
So 


aa ccs] J 


eo oni ard tm 
i a ea a sen 
Bae ane 


BIGGS Ba se a 
toa 


fae VGEn = —10V 
0 0.4 08 1.2 1.6 
t— TIME (us) 
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“OFF” ISOLATION (dB) 


IViNn! 
Mul 


— ‘OFF’ ISOLATION (dB) 


Vin 
VL 


14 pF 
J Bi 


ai 
6 
a 4 | 9 a tat eee Equivalent “OFF” Circuit 
ae i 10 2 FET 
33 
0 0.1 pF 


“OFF” Isolation vs Frequency 


10'S), FET. 


f — FREQUENCY (Hz) 
“OFF” Isolation vs Frequency 


30-75 82 FET 


N 
o 


Viocic = +5 V 
10 Ry =752 
Vin = 220 mV RMS 


10° 10® 107 108 
f — FREQUENCY (Hz) 
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DG200 


Dual Monolithic SPST CMOS 


Analog Switch 
designed for... 
= Low Transient Switching 


i.e. Sample and Hold Circuits 
Switching Multiple Signals 
such as Multiplexing Inputs 


TTL Compatible Switching 
Systems 


psf 


Siliconix 


BENEFITS 


Environmentally Rugged 

O Latch-proof CMOS 

Easily Interfaced 

O TTL, DTL and CMOS Direct Control 
Interface Over Military Temperature 
Range 

Reduces External Component Requirements 

O +15 V Analog Signal Range with +15 V 
Supplies 

Reduced System Cross-Talk 

O Break-Before-Make Switching 


Eliminates Signal Error 


th High Frequency Signal © 10 pA Typical Leakage From Source or 


Switching, such as Video Signals Drain | 
DESCRIPTION O Low Charge Coupling 


The DG200 is a 2-channel, single-pole, single-throw analog switch which employs CMOS technology to insure low and 
nearly constant ON resistance over the entire analog signal range. The switch will conduct current in either direction with 
no offset voltage in the ON condition, and block voltages up to 30 V peak-to-peak in the OFF condition. The ON-OFF state 
of each switch is controlled by a driver. With a logic ‘‘0’’ at the input to the driver (0 V to 0.8 V) the switch will be ON, 
and a logic “1” (2.4 V to 15 V) will turn the switch OFF. The input can thus be directly interfaced with TTL, DTL, RTL. 
CMOS and certain PMOS circuits. Switch action is break-before-make. For new designs, use the DG200A. 


PIN CONFIGURATIONS 


Metal Can Package 


V+ (SUBSTRATE AND CASE) Dual-In-Line Package 


ORDER NUMBERS: fe 
DG200AP OR DG200BP 112 J suBsTRATE) 
SEE PACKAGE 11 


DG200CJ 
SEE PACKAGE 7 


TOP VIEW 
ORDER NUMBERS: 
DG200AA OR DG200BA 
SEE PACKAGE 2 


*Optional (Normally Left Open) TOP VIEW 


SWITCH STATES ARE FOR LOGIC “1” INPUT (POSITIVE LOGIC) 
SCHEMATIC DIAGRAM (Typical Channel) 


V+ *VrerF 
y O 


oe Lg 


*OPTIONAL (NORMALLY LEFT OPEN) 
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ABSOLUTE MAXIMUM RATINGS 


Vingemo VeaertoGround . 2.7. °F. -O0.3V2V+ Storage Temp. (A & B Suffix) 2... .  -65 to 150°C 
PoOmMvMONT . 5... OI. . gw Peed, -32.V (GtSuttixiyiin wan eon Oe tort 125.C 
VgorVptoV— 6 2) ee ee. . (0,32 V—~ Power Dissipation (Package) * 
meron) 20% OF BpeInes priate” p . 16V Metal Can** wae td tan AO me 
V—to Ground yp i besa PRE da i TERE reh vig Sha 14 Pin DIP* ** of vee ERE Se Tete ee ree ae 825 mW 
Current, Any Terminal ExceptSorD. .. . 30mA 14 Pin Plastic DIP**** atest fae or A470 mW 
mCne NOM n. es ee oe 20 mA 
Current, S or D Pulsed ; “Device mounted with all leads welded or soldered 

(1 msec, 10% Duty CycleMax) . . . . . 100mA to PC board. 
Operating Temp. (A Suffix) . . . . . .-55to 125°C **Derate 6 mW/C above 75°C 

HB Siffixies. (21. nt.) -20 fo 85°C ~***Derate 11 mW/*C above 75°C 


iC-Sutfix): .. apowen FS Oto 70°C ****Derate 6.5 mW/C above 25°C 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 


lata IIS TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC ten ASUFEIA B/C SUFFIX UNIT | V+ = 15 V, V— = —15 V, Gnd = 0, Vrer = Open*** 
-55°C | 25°c |125°C Po fare | Be 
Minimum Analog Signal | 
1 VANALOG Handling Capability *15 +15 +15 =e I =a 1 V_ | Switch ON Ig = 10 mA 
2 ae ME eg eS 
t 2 ots 
2 a Sure OFF Pe oops fs 00] Wg av Vga 
Leake Care Oe] [=e Too | f= 00] ips aeve vee ey 
cule itean Sanna pot Seat eo] pepe] © oevento L Caey 
t Br aang T= » an = a 
cake Curent [or ep a0] fe 000] Wp svg eV 
aN input Vortege Hin [ooos] [+r] off +f 0] yee 
1) 
P Peak Input Current ; 
ic, In 
put Current, 2 rs 2 = 
t Turn-ON Ti 440 1000 1000 
14 pe | ety, ORME we oe eee 
VA Source OFF Re e | 
A 
Drain OFF s = = 
af [ewon ee eof » re 
181C 
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Vin=5V, RL = 1K, Cy = 15 pF, 
OFF Isolation Vs = 7VRMS, f = 500 kHz 


ay ES OSS Both Channels “ON,” Vy = 0 


CD(on) + Cs(on) Channel ON Capacitance Mrr.< hw ee ea Vp =Vs5=90, Vin = 0 


= 
oO 
~S 
NR 


Positive Supply Current 


Negative Supply Current 


N 
N 


I+ Standby Positive Supply Current +ON7 


- Both Channels “OFF,” Vin = 5 V 


NOTES: ICXE 
tTypical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


nN 
N15 
| 
N 
(oe) 
| 
A 
3 
> 


nN 
Ww 


“ID(on) is leakage from driver into “ON” switch. 
**““OFF” isolation = 20 log Vc/Vp, Vg = input to OFF switch, Vp = output 


Ke 


Functional operation is possible for supply voltages less than 15 V, but the input logic threshold will shift. For V+ = -V—= 10 V, 1.4 V may be 
applied to Vpgef terminal. The Vaer terminal has Ryyy = 21K 82. See Applications Section. 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


LOGIC “0” = SWON SWITCH 


LOGIC INPUT 


3.5V 1 
INPUT Vs=t5V O 
(, < 20.ns 


te 20 ns 


SWITCH 
OUTPUT 


IN, 
LOGIC 
INPUT 


SWITCH y 
INPUT 


SWITCH 
OUTPUT 
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DG200 


TYPICAL CHARACTERISTICS 


'DS(on) YS Vp and 
Temperature 


777 a 9 


Fd a Ps 
fa a se Lak ah Tel icel el) 
SS EEaEE 
ba EES Ge 


Beam coon 125° pene 
GILG Clan ae 


Bea] 

Bee nUamECe 
1 

Salsa (alae 


'DS(on) VS Vp and Power 
Supply Voltage 


ace 


A—V+=+15V,V—=—15V 
B—V+=+12V,V—=-12V 


eal eel a C —V+=+10V, V—=—10V 


D—V+ =+8V,V—=-8V 


Typical delay, rise, fall, 
switching transients in this circuit. 


settling times, and 


ee LeeLee Les Ae 


-15 -10 -5 0 5 10 15 


DS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 
'DSion) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


Vp — DRAIN VOLTAGE (VOLTS) Vp — DRAIN VOLTAGE (VOLTS) 


Switching Time 
vs Temperature 


IS(off) °" 'D(off) 


If RGEN, RL or Cy is increased, there will 
vs Temperature” 


be proportional increases in rise and/or fall 
RC times. Applying VGeN to D rather than 
S results in much greater spikes. 


= 
= 
PZ 


ee 
(AOO8TEhs weseee. 
SGLELEL OSES Ia 


yy oe 
BE WLW: Wh 


A 


$5 ao: 
GUD. Tlf ts WILE Vile Wltle UlEee me Wits tthe’ on 
ee, (WW WW MMM 
Wht WLUW Uh: Wi we 


WLLMUYUAUAAE 


0 Zi Bobb oe 7] 


25745" 65°85) 105) 125 45 


it 
eo 


lesa 


wen Boh 
Zee 
BREED 
GMAPRES TS 


t — SWITCHING TIME (ns) 


Is(off) OR Ip(otf)) - SOURCE OR 
(VOLTS) 


DRAIN OFF LEAKAGE CURRENT (nA) 


Vin — LOGIC INPUT VOLTAGE 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


linnvs Ving ID(on) YS Temperature” 


V+=+15V 


LZ, LLL LA 
it: — WL pov we Wt ood Wh ee 


LIA 
Zo UA 


ee 


T — TEMPERATURE (°C) 


|Iypy! — LOGIC INPUT CURRENT (uA) 


\Ip(on)!|— CHANNEL ON LEAKAGE CURRENT (nA) 


TYP Vth, 
Vin — LOGIC INPUT VOLTAGE (VOLTS) 


VTh (Input Logic Threshold) Supply Current 


vs Temperature 


Dd ed eda! deed 


vs Power Supply Voltage 


Vout — OUTPUT VOLTAGE (VOLTS) 


V—=-15V 


I+, |I—| - SUPPLY CURRENT (mA) 


V+p-!NPUT LOGIC THRESHOLD (VOLTS) 


0 
12 13 14 15 -55 -35 -15 5 25 45 65 85 105 125 


V+ = |\V—|, POWER SUPPLY VOLTAGE (VOLTS) T — TEMPERATURE (°C) 


t — TIME (us) 
The net leakage into the source or drain is the n-channel leakage minus the p-channel 

leakage. This difference can be positive, negative, or zero depending on the analog 

voltage and temperature, and will vary greatly from unit to unit. 
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TYPICAL CHARACTERISTICS (Cont’d) ? 
“OFF” Isolation Equivalent Circuit and Data 


CLoap = 15 PF 
Vs =2.2 Vams 


= OFF ISOLATION (dB) 


IVs| 
IVpI 


106 107 
f — FREQUENCY (Hz) 


APPLICATIONS g 


Application Hints* ee 


INSERTION LOSS (dB) 


VIN Vs or 
Logic Input Vp 
Voltage Analog 
ViNH Min/ Voltage 
Vint Max Range 
(V) (V) 


-15to +15 


PHASE SHIFT (°) 


FREQUENCY (Hz) 


-12 to +12 


“Application Hints are for DESIGN AID ONLY, not 
guaranteed and not subject to production testing. 


-10 to +10 


**Electrical Characteristics chart based on V+ = +15 V, 
V—=-15V, Veer = Open: 


-8 to +8 


HU 


Operation below +8 V is not recommended. 


Logic Inputs 
Logic input circuitry protects the input MOS gate from static transients. A series MOS device shuts off when V\jy exceeds 
the positive power supply. Negative transients are clamped to ground by a diode clamp. 


The input voltage characteristics have a current spike occurring at the transition voltage when the logic goes from ViNH 
to Vin- If a series resistor is used for additional static protection, it should be limited to less than 4.7 KQ. to insure 
switching with worst case current spikes. 


The Function of Veer 


VREF is an internal connection which allows the user to establish the logic threshold voltage at which the switch changes 
state. The actual threshold voltage is equal to the voltage on the VREF pin. VREF is internally connected for a 1.4 V 
threshold at V+ = +15 V. For other thresholds and/or supply voltages, one may connect VREF to a voltage source or 
resistive divider whose output voltage is equal to the desired threshold. The internal impedance of VREF is 21 KQ2 30%. 


Additionally, to adjust VREF, a single pullup resistor can be used from the VR_EF pin to a positive supply voltage to shunt 
the upper internal divider resistor. The equation below shows the calculation of the shunt resistor for the desired logic 
threshold voltage — this calculation is based on nominal internal resistor values, which are +30% in absolute magnitude. 
The adjusted trip point voltage (VREF) should be limited to an upper level of 5 V to avoid input logic switching transition 
hysteresis. 


oe 4 
Aa na V * ) Calculation of RoyyNT 
RSHUNT = Vtr Where R1 = 220 KQ: nominal values, 
| ( Ne } R2~23KQ +30% run to run 
RE R2 = 
Ver 


Example: for V+ = 15 V, VTRip = 5 V, using nominal R1, R2 calc RSHUNT = 58 K2&2. 
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DG200A 


Dual Monolithic SPST 7 
CMOS Analog Switch Siliconix 


designed for he ae BENEFITS 


@ Environmentally Rugged 
O 44V Power Supply Maximum Rating 


@ Analog Multiplexing 


° ° O Static Protected Logic Input 
m Servo Control Switching Siictcco a 
e e 6 ° @ Easily Interfaced 
co Video Signal Switching O TTL and CMOS Compatible without 


Pull-Up Resistors 


@ Pin for Pin Compatible with 
O Analog Devices ADG200 

Control © Harris HI200 

© Intersil DG200 

O Siliconix DG200 


m Remove Switching under TTL Logic 


DESCRIPTION 


The DG200A designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 70 ohms contact 
(ON) resistance and very high OFF resistance. True switch action takes place over the full analog signal range of +15 V, with 
Break-Before-Make operation to prevent momentary shorting of signal inputs. 


PIN CONFIGURATIONS 


Dual-In-Line Package 


Metal Can Package 
V+ (SUBSTRATE AND CASE) 


“hye 
ie (SUBSTRATE) 


ORDER NUMBERS: ORDER NUMBERS: 

DG200AAA OR DG200ABA DG200AAK OR DG200ABK 
SEE PACKAGE 2 OR DG200ACK 

SEE PACKAGE 9 


DG200ACJ 
SEE PACKAGE 7 


TOP VIEW TOP VIEW 


SWITCH STATES ARE FOR LOGIC “1” INPUT (POSITIVE LOGIC) 


SCHEMATIC DIAGRAM (typical channel) 


vto 
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ABSOLUTE MAXIMUM RATINGS 


Voltages referenced to V- Storage Temp. (A & B Suffix). ; -65 to 150°C 
(G;Suffixhi a. iloeio. el 6S te +1257.C 
Power Dissipation (Package) * 
Metal Can** ee Oa by oo ee 450 mW 
20 mA, whichever occurs first. PAVPINGOIP ys We Bema ciamettetat 7 ientasl ken AO oar TY 
Current, Any Terminal ExceptSorD... . 30 mA 14 Pin Plastic DIP**** ahs sal mee 470 mw 
RE EEO kg a ake Ye ee 8s 20 mA 
Current, S or D Pulsed : “Device mounted with all leads welded or soldered 
(1 msec, 10% Duty Cycle Max) . .  100mA to PC board. 
Operating Temp. (A Suffix) . . . . . ,—-55to 125°C **Derate 6 mW/C above 75°C 
(estan. eg 5 et! dee0 10,85. C ***Derate 11 mW/C above 75°C 
PeSUnIX) es 0 to 70°C ****Derate 6.5 mW/C above 25 C 


vV00zoqd 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 


TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC V+ =15V,V— = -18V, Gnd =0 


a 
38 
oe 
foie 


Vv Minimum Analog Signal 
ANALOG Handling Capability 


ae 
Oo 
Oo 


I+ 
oO 
(os 
Z 
3) < = 


= I+ 
= —_ 
oS o 


Vp =10V 
Vp = -10V 


‘ Drain Source 
DS(on) ON Resistance 


— 
So 
Oo 
aS 
Oo 
Oo 


= 
fo) 
Oo 
= 
Oo 


Source OFF Nosy tive Mpa 14eV, 


Leakage Current Vg = -14V,Vp = 14V 


Drain OFF Dies MN Site 
Leakage Current 


Vp = -14V,Vg =14V 


Vp =Ve= 14 V 
jean 
Vp =Vic = -14V 


Vin =2.4V 


Ba 
SFO) 
ohh oie 


NO 
Oo 
Oo 
Le) 
oO 
oO 


Channel ON 
Leakage Current 


| | 
L{+]lo ° 
SI1Slo ro) is 
ay ry NO = NR ao 


| 
N 
fo) 
oO 


| 


O}]oO}] OTN] DI on] &] WI] nr 


on 
| 

=. 

(=) 


Input Current 
Input Voltage High 


= 
=a 
— 
oO 


Vin = 15V 


| Input Current 
INL Input Voltage Low 


ton Turn-ON Time 
toft Turn-OFF Time 
Q Charge Injection =I 


Cc Source OFF 
S(off) Capacitance 


ay 
Le) 


Vin =OV 


I+ 
| PP) i De ek eh fa | = 
Eas el ti ala}; al al] a oa) 

| 
— 
[=) 
oO 


| 
| | nN 
BS = >/|o 
SS oO o|o 
on 


a 
Ww 
= 
So 
So 
oO 


3 


See Switching Time Test Circuit 


a 
p~ 
oa 
(2) 
oO 


= 
a 
oO 


G C. = 1000pF, VGEn = OV, RGEN = 02 


me) 


Vs =0, Vin =5V 


sour4yims Bojpuy 


f = 140 kHz 
Drain OFF 


Vp =0, Vin =5V 
Capacitance D IN 


CD (off) 


Colon) + sion) Channel ON Capacitance Vp. = Vs = 9, VIN = 9 


OIRRS OFF Isolation Vin =5V 


Channel to 
Channel Crosstalk 


I+ Positive Supply Current 
I= Negative Supply Current 123 


NOTES: ICME 
1. Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


2. ID(on) !S leakage from driver into “ON” switch. 

3. “OFF” isolation £:20 log Vg/Vp, Vs = input to OFF switch, Vp = output 

4. Signals on Sx, Dx or INyx exceeding V+ or V- will be clamped by internal 
diodes. Limit forward diode current to maximum current ratings. 


ZL = 750 


MS ei Oe f= 1 MHz 


NIN 
a; oa 


| 
> 


Both Channels “ON”, or “OFF” Vin, = 0 or 2.4 V 


DONG 
ae +15 
is KN 
(8 eae 
[iat fale 
Lda cl 
Laced rea 
ies sone] 
baci sed 
Pees a ae 
Beis 
de 
e780 | 
[ira aad 
al 
iis 
eee) | 
dake 18 


| 
an 
ro) 
ae) 
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SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 


DG200A 


spikes at leading and trailing edge of output waveform. 


LOGIC "0" = SW ON 


LOGIC 
INPUT 
ty < 20ns 
t¢< 20ns 


3V 


SWITCH 
INPUT 


SWITCH 
OUTPUT 


CHARGE INJECTION TEST CIRCUIT 


OIRR OFF ISOLATION TEST CIRCUIT 


SIGNAL 
GENERATOR 


C= .001nF// .1uF 


Vv 
CHIP CAPACITORS OIRR = 20 Los| 8. | 
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SWITCH 
INPUT 


C, = 1000 pF 


INx ON 


AVo 3 MEASURED VOLTAGE ERROR DUE TO CHARGE INJ ECTION 
THE ERROR VOLTAGE IN COULOMBS IS AQ=C; x AVo. 


CCRR CHANNEL TO CHANNEL 
CROSSTALK TEST CIRCUIT — 


SIGNAL 
GENERATOR 


C= .001pF// .1uF 
CHIP CAPACITORS 


Vs1 
Vo2 


CCRR = 20 LOG | 


Siliconix 


SWITCH 
OUTPUT 


Analog Switch 


designed for... 


@ Low Transient Switching 
i.e. Sample and Hold Circuits 
& Switching Multiple Signals 
such as Multiplexing Inputs 


m High Frequency Signal 
Switching 


= TTL Compatible Systems 


DESCRIPTION 


PIN CONFIGURATION 


Dual-In-Line Package 


TOP VIEW 


SCHEMATIC DIAGRAM (Typical Channel) 


V+ *VreE 
e e 


Quad Monolithic SPST CMOS 


Siliconix 


LOcOG 


Environmentally Rugged 
O Latch-proof CMOS 


Reduced Switching Error 

© Low Charge Coupling 

Easily Interfaced 

O TTL, DTL and CMOS Direct Control 
Military Temperature 


Reduces External Component Requirements 
O +15 V Analog Signal Range with +15 V 


Reduced System Cross-Talk 

O Break-Before-Make Switching 

Eliminates Signal Error 

© 10 pA Typical Leakage From Source or 


The DG201 is a 4-channel single pole signal throw analog switch which employs CMOS technology to insure low and nearly 
constant ON resistance over the entire analog signal range. The switch will conduct current in either direction with no offset 
voltage in the ON condition, and block voltages up to 30 V peak-to-peak in the OFF condition. The ON-OFF state of each 
switch is controlled by a driver. With a logic ‘’0”’ at the input to the driver (0 V to 0.8 V) the switch will be ON, anda logic 
"1" (2.4 V to 15 V) will turn the switch OFF. The input can thus be directly interfaced with TTL, DTL, RTL, CMOS and 
certain PMOS circuits. Switch action is break-before-make. For new designs, use the DG201A. 


ORDER NUMBERS: 
DG201AP OR DG201BP 
SEE PACKAGE 12 


ON 
OFF 


DG201CJ 
SEE PACKAGE 8 


*Optional (Normally Left Open) 
SWITCH OPEN FOR LOGIC ‘1. INPUT (POSITIVE LOGIC) 


soud4imMs Bojpuy i 


* OPTIONAL (NORMALLY LEFT OPEN) 


Siliconix 


DG201 


ABSOLUTE MAXIMUM RATINGS 
Vintand V pcreto Groupden ss ry nu adle my We Phy anh “da Operating Temperature (A Suffix) —55 to 125°C 
VG Ob-ViD) On arene oe syle, os OL. eet 8 0, -32 V (B Suffix) 720 to 85°C 
Vs or Vp to V— 0,32V (CiSutdix) (aul iat 0 to 70°C 
Virtito: Ground “saree eee ney. ee ee 16V Power Dissipation (Package) ” 
V= to. Grounds) eeeen a no me eee ae oe) ce GV 16Pin DIP™” .9 9. « -SO0U OS Re mea aay 
Current, Any Terminal Except S or D 30 mA 16 Pin Plastic DIP™™™ . 2 2 . . . . . . 470 mW 
Continuous Current, S or D 20 mA “Device mounted with all leads soldered or welded 
Peak Current, S or D to PC board. 

(pulsed at 1 msec, 10% duty cycle max) 70 mA *“Derate 12 mW/°C above 75°C 
Storage Temperature (A & B Suffix) -65 to 150°C ***Derate 6.5 mW/°C above 25°C 

(G Suttixh Saga. ~~ -65't0 125°C 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25 C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 


A SUFFIX B/C SUFFIX UNIT 
-55°C | 25°C 125°C | —-20°C/ | 25°C | 85°C/ 
oc 70°C 
Minimum Analog Signal 
Handling Capability 


TEST CONDITIONS, UNLESS NOTED: 
V+ = 15 V, V— = —15 V, Gnd = 0, Vref = Open*** 


2 Switch ON Ig = 10 mA 


TYPt 


CHARACTERISTIC 25°C 


< 
> 
2 
> 
= 
2) 
i) 


TDS(on) , Vin =0.8V, lg =-1 mA 
| 
IS(off) 
Cc Leakage Current ah —100 —100 Vo =—14V, Vp = 14V 
5|F aa lh ay oe le tae 
She Fah Drain ON a eae Vest Veiey Vin =08V 
oie Input Current, =-0004 eee shh eet ViNS Aa 


U 
Peak Inpat Curren 
12 -120 See Curve ljyy vs V 


Input Current, 


- Vin =0 
. Be Input Ei enon El Low hae A a 28 bs 
14 Turn- oe teemi) Wu ePruncONCrimas) [im a Time aon 
See Switching Time Test Circuit 
15 tot | LO TUn-OFF Time) | | Turn- tot | LO TUn-OFF Time) | | Time 


Ve=0 Vin =a 


Vp =0, Vin=5V f = 140 KHz 
Vp = Vs =0, Vin =O 


Vin =8V,R, = 1K 2, Cy = 20 pF 
Vg = 7 VRMS, f = 500 kHz 


ie “ Source OFF 
y S(off) Capacitance 
. Drain OFF 
CD (off) 
Channel ON pat 
18]©] Coon) + Cs(on) Gasecliance Femi tank 1h retest 


{i EG 
eS) eeu MTT TOTEM te Be Specter pa 
2" cena at | aon wo earn 


Capacitance 


One Channel “ON,” Viny = 0 


All Channels “OFF,"’ Vin =5 V 


tTypical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. ICXF 
NA 
“ID (on) is leakage from driver into “ON” switch.  **”’OFF” Isolation = 20 log ivol 
D 
***Functional operation is possible for supply voltages less than 15 V, but the input logic threshold will shift. For V+ = |V—| = 10 V, +1.4 V 


may be applied to the VREF terminal. The Vper terminal has Rij = 21K &. See the Applications Section. 


SWITCHING TIME TEST CIRCUIT 

Switch output waveform shown for Vg = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 
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LOGIC “0” = SW ON 


+15 V 
O V+ 


LOGIC 35V SWITCH 
INPUT INPUT SWITCH 
ty < 20 ns 50% OUTPUT PS 
ty <20ns Vg=+2V 0 Ov Vis eee 
fe) o-Ys 
0 Ri + "ps(on) 
ati Losic 
INPUT 
pracy (REPEAT TEST FOR INo, IN3 AND INg) 
UT 


Siliconix 


APPLICATIONS Application Hints* 


Logic Input 
Voltage 


Wil Viny Min/ Voltage 
“Application Hints are for DESIGN AID ONLY, not ae Vint Max Range 


guaranteed and not subject to production testing. (V) (V) 


Positive 
Supply 


** Electrical Characteristics chart based On Nt =n 1S: -15to +15 
V-—= -15 V, VREF Fay Open. 


x eK : . -12to +1 2 
Operation below +8 V is not recommended. 


-10 to +10 


-8to +8 
Logic Inputs 


Logic input circuitry protects the input MOS gate from static transients. A series MOS device shuts off when Vij exceeds 
the positive power supply. Negative transients are clamped to ground by a diode clamp. 


The input voltage characteristics have a current spike occurring at the transition voltage when the logic goes from ViNH 
to ViINL. If a series resistor is used for additional static protection, it should be limited to less than 5.6 K{Q2 to insure 
switching with worst case current spikes. 


‘The Function of VpReF 


VREF is an internal connection which allows the user to establish the logic threshold voltage at which the switch changes 
state. The actual threshold voltage is equal to the voltage on the VRE F pin. VREF is internally connected for a 1.4 V 
threshold at V+ = +15 V. For other thresholds and/or supply voltages, one may connect VREF to a voltage source or 
resistive divider whose output voltage is equal to the desired threshold. The internal impedance of VREF is 21 K{2 +30%. 


Additionally, to adjust VREF, a single pullup resistor can be used from the VREF pin to a positive supply voltage to shunt 
the upper internal divider resistor. The equation below shows the calculation of the shunt resistor for the desired logic 
threshold voltage — this calculation is based on nominal internal resistor values, which are +30% in absolute magnitude. 
The adjusted trip point voltage (VREF) should be limited to an upper level of 5 V to avoid input logic switching transition 


hysteresis. wii ” ) Calculation of RSHUNT 


Ver Where R1 =~ 220 K{Q2 nominal values, 
R2 = 23 KQ +30% run to run 


Rix n2( 


ee | 


Example: for V+ = 15 V, VTRIp = 5 V, using nominal R1, R2 calc RSHUNT = 58 K2&2. 
Sample and Hold 


2N4400 


30 pF 


TYPICAL PERFORMANCE 

AQUISITION TIME = 25 uSEC INPUT 
APERATURE TIME = 1uSEC LOW = SAMPLE 
SAMPLE TO HOLD OFFSET =: 5mvV HIGH = HOLD 
DROOP RATE = 5 mV/SEC 
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DG201A 


Tp 


Siliconix 


Quad Monolithic SPST CMOS 
Analog Switch 
designed for o 8 BENEFITS 


H + -® Environmentally Rugged 
at Analog Multiplexing Oo 44V Power Supply Maximum Rating 


O Static Protected Logic Inputs 


m Remote Switching under © Latchproof 
° @ Easily Interfaced 
TTL Logic Control O TTL and CMOS Compatible without 
Pull-Up Resistors 
ae Servo Control Switching O Logic Inputs Accept + Comparator 


Transitions without Series Current Limit- 


ing Resistors 


a Sampled Data Systems @ Pin for Pin Compatible with 


O Analog Devices ADG201 
O Harris H1201 

O Intersil DG201 

O Siliconix DG201 


m@ Programmable Gain 
Amplifiers 


DESCRIPTION 


The DG201A designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 175 ohms contact 
resistance and very high OFF resistance. True switch action takes place over the full analog signal range of +15V, with 
Break-Before-Make operation to prevent momentary shorting of signal inputs. Charge injection has been reduced by design 
to minimize spikes during switching transitions. 


PIN CONFIGURATION 


Dual-In-Line Package 


FUNCTIONAL DIAGRAM (typical channel) 


LEVEL 
SHIFTER 


INx 


TOP VIEW 


LOGIC | SWITCH 
0) ON 
1 OFF 
ORDER NUMBERS: 


DG201AAK, DG201ABK OR DG201ACK 
SEE PACKAGE 10 


DG201ACJ 
SEE PACKAGE 8 


SWITCH OPEN FOR LOGIC ‘1 INPUT (POSITIVE LOGIC) 


LOGIC 

INTERFACE 
AND © 

PROTECTION GND 
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ABSOLUTE MAXIMUM RATINGS } 


0 
Voltages referenced to V- Operating Temperature (A Suffix) . . . —55to 125°C @ 
ee 44 V (B Suffix) . . .  -20t08s°c | @& 
Be a ee 25 V (CG SuitiKh su. Oto 70°C |. ee 
Digital inputs? MEN Dy aie oo sata seen tO (V+ +2 V) or Power Dissipation (Package) * oe 
20 mA, whichever occurs first. c Was eareviw | Shee Uo Oe tae eae ye ne .. . #2900 mW 
Current, Any Terminal ExceptSorD. . . . 30 mA 16 Pin Plastic DIP*** . 470mw 
Sonunwous.Current,.S or DA Ss oo. ws cas. 20 mA 
Peak Current, S or D 
(pulsed at 1 msec, 10% duty cycle max) . . 70 mA 


*Device mounted with all leads soldered or welded 
to PC board. 


**Derate 12 mW/°C above 75°C 
***Derate 6.5 mW/C above 25 C 


Storage Temperature (A & B Suffix) . . -65to 150°C 
(CG SUITIXlc 0. hae obo t0 125 C 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 
parameters and high and low temperature limits to assure conformance with specifications. 


MAX LIMITS 
TYP A SUFFIX BIC SUFFIX TEST CONDITIONS, UNLESS NOTED: 
CHARACTERISTIC 25° ‘ : ,. |-20c'] .... Jesc) | UNIT V+ =15V,V- = -15V, Gnd =0 
M55C 725°C | 128°C I> a | 25°C : 
°c 70°C 
Minimum Analog Signal oy A a ts 
: VANALOG Handling Capability 5 All Sl eta ieee ase v 
2 Brain Saarte 105 | 175 |175 | 250 | 200 | 200 | 250 i 
3 ps(en! ON Resistance 115]}175 |175 | 250 | 200 | 200 | 250 Vp = -10V 
off 
5}! Leakage Current —0.02 -1 | -100 6/6 |—400 Ve = -14V, Vp =14V 
d peeoldany Mini piatd | : D Vin 22a 
6 [ Drain OFF 100 5 100 4A Vp = 14V,Vg = - 14V 
7 Leakage Current -5 |-100 Vp = -14V, Vg =14V 
2 Drain ON a ed Vin OB 
9 Leakage Current -s |-200 NS: 
10 oh lngut (Current -10 4 S10 ih Vin =2.4V 
INH Vol High 
11N nput Voltage Hig 10 1 10 Vin =15V 
N ae ee 
U Input Current 
=4 =A, m1 Vin =O0V 
fet 4 NN Input Voltage Low ; IN 
= ey 


13 ton Turn-ON Time wee! PAE : eae 
ns See Switching Time Test Circuit 
ro es Turn-OFF Time A 9370 | rae Bl 450 
15 Q Charge Injection RES CL = 1000pF VGEN = OV RGEN = 02 
D Source OFF 5 Vs =0, Vin =5V 
16 | ¥ | CS(off) Capacitance Sea 
N 
f = 140 kHz 
A f 
Drain OFF 
M F Vp =0, Vin = 5V 
Z waked Piet f 
c 


saur4imMs Bojpuy 


18 Cpi(on) + Cs(on) Channel ON Capacitance 
19 OIRR OFF Isolation 


Channel to 
20 CCRR Channel Crosstalk ze 
ZA ES Positive Supply Current ae ed 
U 
22 | Pit: Negative Supply Current 
NOTES: ICMC-B 
1. Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


Vp =Vs =0., Vin, = 9 


VIN =5V 


de Vs =2Vpp, f = 100 KHz 


Z, = 750 


w ¢ s ‘ i 
N ~w & 
a) 


Pie ae sae 


mA All Channels “ON” or “OFF”, Vinny = 0 or 2.4 V 


ey 


| 
a zi 


: 
_ 


2. ID(on) is leakage from driver into “ON” switch. 


3. Signals on Sx, Dx or INx exceeding V+ or V— will be clamped by internal diodes. Limit 
forward diode current to maximum current ratings. 
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DG201A 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


LOGIC “0” = SW ON 
LOGIC 
3V 
INPUT SWITCH 
t, <20 ns INPUT SWITCH 
cen OUTPUT E 
v L 
Vn= os Foe a8 
ie) S 
Rt + "psion) 


SWITCH y 
INPUT 


SWITCH (REPEAT TEST FOR INo, IN3 AND INg) 


OUTPUT OV- 


CHARGE INJECTION TEST CIRCUIT 


INx ON 


AVo 4 MEASURED VOLTAGE ERROR DUE TO CHARGE INJECTION 
THE ERROR VOLTAGE IN COULOMBS IS AQ= Cy x AVo. 


CCRR-CHANNEL TO CHANNEL 
CROSSTALK TEST CIRCUIT 


+15V 


SIGNAL SIGNAL 
GENERATOR GENERATOR 


C= .001uF// AUF y P C= .001NF// WF 
CHIP CAPACITORS OIRE = 20,006 Lys CHIP CAPACITORS 


SCHEMATIC DIAGRAM (typical channel) 


vio 
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Quad Monolithic ys 
SPST CMOS Siliconix 
Analog Switch | 


designed for... BENEFITS 
e Environmentally Rugged 


a Analog Multiplexing © 44 V Power Supply Max Rating 


O Static Protected Logic Inputs 
O Latch Proof 


€029d 


= Remote Switching under TTL 


® Easily Interfaced 


@ 
Logic Control © TTL and CMOS Compatible Without Pullup 
Resistors 
® @ » 
a Servo Control Switching O Logic Inputs Accept + Comparator Tran- 
sitions Without Series Current Limiting 


Resistors 


& Sampled Data Systems 


¢ Pin for Pin Compatible With 


° efe O Intersil |H202 
@ Programmable Gain Amplifiers SRAM ECT 


DESCRIPTION 


The DG202 designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 175 ohms contact 
resistance and very high OFF resistance. True switch action takes place over the full analog signal range of +15 V, with BREAK- 
BEFORE-MAKE operation to prevent momentary shorting of signals inputs. Charge injection has been reduced by design to 
minimize spikes during switching transitions. 


PIN CONFIGURATION FUNCTIONAL DIAGRAM (typical switch) 


Dual In-Line Package 


LEVEL 
SHIFTER 


SOUudJIMS Bojpuy le 


TOP VIEW 


LOGIC | SWITCH 
0 OFF 
1 ON 


ORDER NUMBERS: 
DG202AK, DG202BK OR DG202CK 
SEE PACKAGE 10 
ORDER NUMBER: 
DG202CJ 
SEE PACKAGE 8 


SWITCH CLOSED FOR LOGIC"’’1" 
INPUT (POSITIVE LOGIC) 


INTERFACE 
AND 
PROTECTION 


Dx 
GND - SWITCH 
CONTACT 
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DG202 


ABSOLUTE MAXIMUM RATINGS 
Voltages referenced to V — Operating Temperature (A Suffix) — 55 to 125°C 
(B Suffix) — 20 to 85°C 
(C Suffix) 0 to 70°C 
Power Dissipation (Package)* 
16-Pin DIP** 


Current, Any Terminal Except S or D 16-Pin Plastic DIP*** 


Continuous Current, S or D *Device mounted with all leads soldered or welded to PC 
Peak Current S or D board. 
(pulsed at 1 msec, 10% duty cycle max) **Derate 12 mW/°C above 75°C. 
Storage Temperature (A & B Suffix) ***Derate 6.5 mW/°C above 25°C. 
(C Suffix) 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits to 
assure conformance with specifications. 
MAX LIMITS 


tee ee 
CHARACTERISTIC Mice leas BIC SUF UNLESS NOTED: V+ =15V, 


25°C | E50 0 oc | ~20°C/ | ogg | B8°C/ V-=-15 V, GND=0 
Minimum Analog 
V ANALOG Signal Handling + + 15 
Capability 
; Drain-Source 


Source OFF 
Is(oft) 


Drain OFF Vp=14V, Vg=-14V 
Leakage Current Vp =-14 V, Vg=14V 


Drain ON Vp=Vg=14V 
Leakage Current Eee 


Input Current, -10 


Input Voltage High 


=s5 
= 


Input Current, 
Input Voltage Low 


Ss 
Ww 
| 
T 
C 
H 
| 
N 
P 
U 
T 


= 
w 


tS Turn-ON Time 


Te Tur OFF Tine | 
i 2 


peadl | rs 
a; 


n 
tot - 0 
Q Charge Injection 0 C, = 1000pF, Vgen = 0 V, Roen = 
Source OFF : 
C 5 Vg =0, Vin =OV 
ae Lapacnenee 
Drain OFF 
(G F 1Vp=0, Vin=0 V = 140 KHz 
Boe Co BESS i 


ey 
fp) 


= 
~ 


= 
co 


Channel ON 
Coron * sion) Capacitance Vp=Vs=0, Vin =5 V 


OIRR Off Isolation Vin=OV 


Channel to Vs =2 Vpp, f= 100 KHz, 2; = 750 
Channel Crosstalk 


ies Positive Supply 
Current All Channels “ON” or “OFF,” 


Negative Supply Vin =0 or 2.4 V 
Current 


CCRR 


Kreece 


NOTES: 


1. Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 3. Signals on Sx, Dy or INx exceeding V+ or V— will be clamped by internal ICMC-D 
2. Ip(on) iS leakage from driver into ‘ON’ switch. dioded. Limit forward diode current to maximum current ratings. 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs=constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at 
leading and trailing edge of output waveform. 


LOGIC sw 
input 2 ea SWITCH 


t-< 20 ns 
tes 20 ns 


SWITCH 
INPUT 


SWITCH (REPEAT TEST FOR 
OUTPUT IN2, IN3, INq) 
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Quad Monolithic SPST CMOS 
Analog Switch 


designed ior... BENEFITS 


® Environmentally Rugged 
O Latchproof 


5 


Siliconix 


LLZOG 


ee Low Transient Switching © Power Supply Overvoltage to 40V Max 
i.e., Sample and Hold Circuits Per De tsep a FES 
Low Charge Coupling 
Bad Switching Multiple Signals ® Easily Interfaced 
fy e ® O TTL, DTL and CMOS Compatible 
Sale iS Multiplexing Inputs without Pull Up Resistors 
@ @ 
. High Frequency Signal ® Reduces External Component Requirements 
Switching ©.G-, Computer O +15 V Analog Signal Range with +15 V 
Supplies 


Peripheral Equipment 
mu TTL Compatible Systems 


@® Reduced System Cross-Talk 
©. Break-Before-Make Switching 


@ Eliminates Signal Error 


Including Microprocessor © 0.01 nA Typical Leakage From Source 
Or Drain 
Systems ® Pin for Pin Compatible with 


O Intersil 1H5052, 1H201 


® Low Cost 


DESCRIPTION 


The DG211 designed on the Siliconix PLUS-40 CMOS process is a 4-channel single pole single throw analog switch with low and 
nearly constant ON resistance over the entire analog signal range. The switch will conduct current in either direction with no off- 
set voltage in the ON condition, and block voltages up to 30 V peak-to-peak in the OFF condition. The ON-OFF state of each 
switch is controlled by a driver. With a logic ‘’0” at the input to the driver (— 15 V to 0.8 V) thw switch will be ON, and a logic ‘'1”’ 
(2.4 V to 15 V) will turn the switch OFF. The input can thus be directly interfaced with TTL, DTL, RTL, CMOS and certain PMOS 
circuits. Switch action is break-before-make. Logic inputs can directly connect to op-amp output swings. 


PIN CONFIGURATION 


Dual-In-Line Package 


soyrsimMs Bojpuy ° 


LOGIC | SWITCH 
0 ON 
1 OFF 


ORDER NUMBER: 
DG211CJ 
SEE PACKAGE 8 


TOP VIEW 


SWITCH OPEN FOR LOGIC “1” INPUT (POSITIVE LOGIC) 
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DG211 


ABSOLUTE MAXIMUM RATINGS 


Vin to Ground 

Vito Ground . 

Vsor Vp to V+ 

Vs or Vp to V—- 

V+ to Ground 

V-— to Ground 

Current, Any Terminal Except S or D 
Continuous Current, S or D 

Peak Current, S or D 


-—65 to 125°C 
0 to 70°C 


Storage Temperature 
Operating Temperature 
Power Dissipation (Package) * 
16 Pin Plastic DIP** 
*Device mounted with all leads soldered or welded to 
PC board. 
**Derate 6.5 mW/°C above 25°C 


(pulsed at 1 msec, 10% duty cycle max) 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and 


low temperature limits to assure conformance with specifications. 


MAX 


LIMITS TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC 


SHE. Vt+=15 V, V—=-15 V,Gnd=0,V,_ =5V 


VANALOG 


Min. Analog Signal 


Handling Capability 


Drain Source 
'DS(on) ON Resistance 


Source OFF 


IS(off) Leakage Current 


Drain OFF 


'D(off) Leakage Current 


2 Drain ON 
D(on) Leakage Current 
Input Current, 


| 
INH Input Voltage High 


Input Current, 


| 
INL Input Voltage Low 


ton Turn-ON Time 
t 


15 loft? Turn-OFF Time 


Source OFF 


Cs(off) Capacitance 


Drain OFF 


17 CD (off) Capacitance 


Channel ON 
Cd(on) + Cs(on) Capacitance 


OFF Isolation? 


Interchannel 
Crosstalk 


Isolation 


Positive Supply Current 


21 I+ 
Ss 
22 U is Negative Supply Current 
P 
L 
1 


23 


pai 4 ay] 
pune es 
|i 8. 9) 
Bei 
Reoe 
Fain 
pai 
cx 
iaeeileny 
igen 
pe 


| Logic Supply Current 


. Typical values are for DESIGN AID ONLY, not guaranteed and 
not subject to production testing. 
- !D(on) is leakage from driver into ON switch. 
| Vs! 
. OFF Isolation = 20 log , Vg = input to OFF switch, 
Vp = output. IVp! 


SWITCHING TIME TEST CIRCUIT 


See Switching Time 
Test Circuit 


pF Vp = 0, Vin =5V 
Vp = Vs =0,.Vipy =0 


Vin =5V,RL = 1K 82, Cy = 15 pF 


Vo = 1VRMS, f = 100 kHz 


Vin =Oor24V 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 


spikes at leading and trailing edge of output waveform. 
SWITCH 
LOGIC INPUT SWITCH 
INPUT (IN) S1 OUTPUT 
t;<20ns 50% nd POLO: 


te < 20 ns 
0 


SWITCH y 
s 
INPUT 


SWITCH 
OUTPUT (Vo) 


S 
RL + 'ps(on) 
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TYPICAL CHARACTERISTICS 

The electrical characteristic table guarantees the DG211 for operation at 
+15 V, +10%; however, functional operation occurs over the designed 
range of +5 V to +20 V power supplies. These characteristic graphs show 
the effect of device parameters over several parameter permutations 
including power supply variations. These graphs are for design aid only 
and are not subject to production testing. 


"DS(ON) YS Vp 'DS(ON) YS ¥o,.2n¢ 
Temperature j Power Supply Voltage 


'DS(ON) — DRAIN TO SOURCE (ON) 
RESISTANCE (OHMS) 
RESISTANCE (OHMS) 


'Ds(ON) ~ DRAIN TO SOURCE ON 


Vp — ORAIN VOLTAGE (VOLTS) Vp — DRAIN VOLTAGE (VOLTS) 


Maximum Channel to Channel | Switch Current vs 
Variation of Rps(Qn) in Each Device Switch Voltage 
90 


i OVp = +10V 
BVp = -10v 


NUMBER OF OBSERVATIONS 


| — SWITCH SOURCE CURRENT (mA) 


MAXIMUM ARpgion) — MAXIMUM DIFFERENCE IN Vps - SWITCH, DRAIN TO SOURCE 
Rps(on) BETWEEN SWITCHES IN EACH PACKAGE (OHMS) VOLTAGE (VOLTS) 


i ID(ON) vs Temperature” 


WHS 
Lie 


NS 


WY; 


$5496 


CURRENT (nA) 


YY); 
Wilde 


Is(orF) OR \Ip(orF) — SOURCE OR DRAIN 
OFF LEAKAGE CURRENT (nA) 
Ip(on) — CHANNEL ON LEAKAGE 


WY) 
YY 


Yj) 


\\\\\ 


AS SS \ 
85 105 125 —§5 =-35 -15 5 45 65 05 125 
T — TEMPERATURE ( C) T — TEMPERATURE ( C) 


Supply Current vs Temperature Leakage Current vs Analog Voltage 


60 


WHEN Vanatoc EXCEEDS 
POWER SUPPLY SWITCH 
SUBSTRATE DIODES BEGIN 

[_TO CONDUCT 


V+=15V 0 V7 = -15V 
VL=5V Ta = 25°C 
P(e it a a 
FOR ONOPF): Sia oY 
FOR Is (ofr). Vp = OV 


1+/I-/\_ — SUPPLY CURRENTS (mA) 


0 Sk 10 AS 
T— TEMPERATURE (°C) VaNnatoc — ANALOG VOLTAGE (VOLTS) 


*The net leakage into the source or drain is the n-channel leakage minus the p-channel 
leakage. This difference can be positive, negative, or zero depending on the analog 
voltage and temperature, and will vary greatly from unit to unit. 


Siliconix 


Typical delay, rise, fall, settling times, 
and switching transients in this circuit. 


Vic 


lf RGen. R~ or CL is increased, there 
will be proportional increases in rise 
and/or fall RC times. Applying VGEnN 
to D rather than S results in much 
greater ton spikes. 


Vin LOGIC INPUT 
VOLTAGE (VOLTS) 


Vout — OUTPUT VOLTAGE (VOLTS) 


Go aS 
2 Ne 5 aan) oY 
ul A tubes Mellin Mise a fbi 
Lashiehal ae dvieelituch aye vhke| Delety 
Scsce 
4 & Robes bt uae EP Seo 2 Ve Bia B= 

T — TIME (u SEC.) 

NOTE: Turn-off time is primarily limit- 


ed here by the RC time constant (50ns) 
of the load. 
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DG211 


— INSERTION LOSS (dB) 


TYPICAL CHARACTERISTICS (Cont.) 


Channel to Channel Crosstalk 
Insertion Loss vs Frequency OFF Isolation vs Frequency vs Frequency 


a 5V INy = LOGIC "1" 


Ry = 508) 
vt+=15V V~ = -15V NL crerminator) 
VL =5V INy = LOGIC “0” : 
Vs = Vas 


TEST SETUP FIGURE 1 


IVp! 
IVs! 


OFF ISOLATION (dB) 


CROSSTALK (dB) 


N 
NS 5V Vg 
Ry = 100K) 
TEST SETUP 
0 


0 
100K 10M 10K 100K 1M 
F — FREQUENCY (Hz) F — FREQUENCY (Hz) F — FREQUENCY (Hz) 


PHASE SHIFT 
(DEGREES) 


SIGNAL 
GENERATOR 


FREQUENCY SIGNAL 
TESTED GENERATOR 


100 to IMHz WAVETEK HP3575A 
MOD 142 GAIN—PHASE METER 


ANALYZER 1M TO 100MHz | TEKTRONIX | HP8405A 
SHAN MOD 191 VECTOR VOLT METER 


ANALYZER 


C= OOWWF// 1pF 
CHIP CAPACITORS 


Figure 1 
Testing Insertion Loss vs Frequency 


+5V 


SIGNAL FREQUENCY SIGNAL 

i arses TESTED GENERATOR 
100 TO 50KHz | HP3580A HP3580A 

TRACKING OSC| SPECTRUM ANALYZER 
1M TO 100MHz | TEKTRONIX | HP8405A 

MOD 191 VECTOR VOLT METER 
100K TO 10MHz | HP8568A HP8568A 

TRACKING OSC! SPECTRUM ANALYZER 


ANALYZER 


C= OOWF// IWF -15V a 
CHIP CAPACITORS Figure 2 


Testing OFF Isolation vs Frequency 


SIGNAL 


Mayes f | : FREQUENCY SIGNAL 
TESTED GENERATOR 
100 TO SOKHz | HP3580A HP3580A 
TRACKING OSC | SPECTRUM ANALYZER 
1M TO 100MHz |TEKTRONIX  |HP8405A 
MOD 191 VECTOR VOLT METER 
100K TO 10MHz | HP8568A HP8568A 
TRACKING OSC | SPECTRUM ANALYZER 


ANALYZER 


G) 0OtU.F 1 1AF 4 
CHIP CAPACITORS Figure 3 


Testing Crosstalk vs Frequency 


The data plotted in the frequency response graphs are measured in a special coax test fixture. Each lead of the IC package fits into the 
center conductor of a solid 50 ohm coax. The fixture eliminates stray capacitance normally encountered in printed circuit (PC) board lay- 
outs and sockets. The OFF isolation versus frequency degrades from the values shown with careless PC board layout. The best layout tech- 
niques include good ground planes, guardtraces between signal paths and bypassed power supplies. 
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TYPICAL CHARACTERISTICS (Cont.) 


AQ — CHARGE INJECTION (PICO COULOMBS) THD — TOTAL HARMONIC DISTORTION (%) 


ton/tor¢ — SWITCHING TIME (nSEC) 


Vt — INPUT SWITCHING THRESHOLD (VOLTS) 


Total Harmonic Distortion 
vs Frequency 


V+ = 15V 
V— = —-15V 
Vi = 5V 
Ta = 25°C 
Vg = 2V pp 


R, = 10022 


100 1K 10K 100K 


2.5 


15 


1.0 


F — FREQUENCY (Hz) 


Charge Injection 
vs Analog Voltage 


VANALOG 


AQp = CAV, 
REVERSE S&D FOR AQ, MEASUREMENT 


ton/torr — SWITCHING TIME (nSEC) 


VANALOG (VOLTS) 


Switching Time vs Positive & 
Negative Supply Voltage 


0 +6 +10 +15 
V+, V— — POSITIVE & NEGATIVE SUPPLY (VOLTS) 


Input Switching Threshold vs 
V+ & V— Supply Voltages 


i dd dééséss 
5 


0 or) *10 ae ‘20 
Vt, V~ POSITIVE & NEGATIVE SUPPLIES (VOLTS) 


C — CAPACITANCE (pF) 


Capacitance vs Vo or Vos 


—15 —10 a) 0 5 10 15 
Vp OR Vg — DRAIN OR SOURCE VOLTAGE (VOLTS) 


Switching Time vs 
Positive Supply Voltage 


ton: CoFF — SWITCHING TIME (nSEC) 


VtH — 'NPUT SWITCHING THRESHOLD (VOLTS) 


V+ — POSITIVE SUPPLY (VOLTS) 


Switching Time vs 
Input Logic Amplitude 


S- 8 
See) ETD 


Vin — 'NPUT LOGIC AMPLITUDE (VOLTS) 


Input Switching Threshoid vs 
Logic Supply Voltage 


) 


0 5 10 15 20 
V_ — LOGIC SUPPLY (VOLTS) 


Siliconix 


Power Supply Rejection 
vs Frequency 


ao 
o 


PSRR = 201 hls 
ud x mais 


x 
°o 


g 


PSAR = 20 log —~ 
Dares Vp 


PSRR — POWER SUPPLY REJECTION RATIO 


10 100 1K 10K 100K 1M 10M 
F — FREQUENCY (Hz) 


Switching Time vs 
Negative Supply Voltage 


ton/torr — SWITCHING TIME (nSEC) 


V— NEGATIVE SUPPLY (VOLTS) 


Switching Time vs Temperature 


1000 
V+ =+15V Re 
V—- =-15V Cy, = 35 pF 
= +5V 
s00}-Vs = *2V 


t — SWITCHING TIME (NANOSECONDS) 


-§5 -35 -15 5 25 45 6 85 105 125 
T — TEMPERATURE ('C) 


Some applications of the DG211 will 
find the logic control inputs (IN,) driven 
from the output of comparators or op- 
amps with nearly plus to minus 15 volt 
transitions. In these applications the user 
can shift the input logic transition volt- 
age from the normal 1.6 V of TTL to 
zero volts by connecting the V, pin to 
the GND pin. In this mode of operation 
the input offset voltage between IN, and 
Vi (= GND) measure less than +500mV. 


V._=5V presets the input threshold volt- 
age for TTL logic compatibility. Im- 
proved noise immunity for CMOS logic 
compatibility results by connecting Vi 
to the Vpp terminal of the CMOS logic. 
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DG211 


SCHEMATIC DIAGRAM (Typical Channel) 


APPLICATIONS 


COMP 


+5V +15V —15V 


LOW 


DATA BUS 


PROCESSOR SYSTEM BUS 


ADDRESS ADDRESS 
BUS DECODER 


V 
volts 


4 B.B.M. INTERVAL (DEAD TIME) 
4 


Figure 4, Four Channel Analog Multiplexer 


PRECISION ATTENUATOR 


OF 


+5V +5V+15V VIN 


900KS? 


Figure 5. Microprocessor Controlled Analog Signal Attenuator 
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Vin © 


GAIN, 


Ay-1 


GAIN, 
Ay = 10 


GAIN3 
Ay = 20 


GAINg 
Ay = 100 


| 1 MICRO SEC L 
IN, - 


Vout 


GAIN ERROR IS DETERMINED ONLY BY 
THE RESISTOR TOLERANCE OP AMP 
OFFSET AND CMRR WILL LIMIT ACCURACY 
OF CIRCUIT 


90K‘? 


5Ki! 


4K) 


~VouT . 81+ Ra Ra * Rg 
VIN Ra 


= 100 


WITH SW 4 CLOSED 


Figure 6. Precision-Weighted Resistor Programmable-Gain Amplifier 


Siliconix 


Analog Switch 


designed for... 


g Low Transient Switching 


i.e., Sample and Hold Circuits 


a Switching Multiple Signals 
such as Multiplexing Inputs 


a High Frequency Signal 


Switching e.g., Computer 
Peripheral Equipment 


a TTL Compatible Systems 


Including Microprocessor 
Systems 


DESCRIPTION 


op-amp output swings. 


PIN CONFIGURATION 


Dual-In-Line Package 


TOP VIEW 


Siliconix 


Quad Monolithic SPST CMOS 


5 


Siliconix 


BENEFITS 


SWITCH CLOSED FOR LOGIC ‘‘1" INPUT (POSITIVE LOGIC) 


Environmentally Rugged 
O Latchproof 
O 40 V Power Supply Max Rating 


Reduced Switching Error 
© Low Charge Coupling 


Easily Interfaced 


O TTL, DTL and CMOS Compatible with- 


out Pull Up Resistors 


Reduces External Component Requirements 
© +15 V Analog Signal Range with +15 V 


Supplies 


Reduced System Cross-Talk 
O Break-Before-Make Switching 


Eliminates Signal Error 


O 0.01 nA Typical Leakage From Source 


or Drain 


Pin for Pin Compatible with 
O Intersil |H5053,1H202 


Opposite Logic Control of DG211 


Low Cost 


The DG212 designed on the Siliconix PLUS-40 CMOS process is a 4-channel single pole single throw analog switch with low 
and nearly constant ON resistance over the entire analog signal range. The switch will conduct current in either direction 
with no offset voltage in the ON condition, and block voltages up to 30 V peak-to-peak in the OFF condition. The ON- 
OFF state of each switch is controlled by a driver. With a logic ‘‘0’’ at the input to the driver (-15 V to 0.8 V) the switch 
will be OFF, and a logic “1” (2.4 V to 15 V) will turn the switch ON. The input can thus be directly interfaced with TTL, 
DTL, RTL, CMOS and certain PMOS circuits. Switch action is break-before-make. Logic inputs can directly connect to 


LOGIC | SWITCH 
0 OFF 
1 ON 
ORDER NUMBER: 


DG212CJ 
SEE PACKAGE 8 
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DG212 


ABSOLUTE MAXIMUM RATINGS 


Vin to Ground 
Vito Ground . 
Vs or Vp to V+ 
Vs or Vp to V—- 
V+ to Ground 
V- to Ground 
Current, Any Terminal Except S or D 
Continuous Current, S or D , 
Peak Current, Sor D 
(pulsed at 1 msec, 10% duty cycle max) 


ELECTRICAL CHARACTERISTICS aii oc parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and 


low temperature limits to assure conformance with specifications. 


CHARACTERISTIC 


Min. Analog Signal 


VANALOG Handling Capability 


Drain Source 
DS(on) ON Resistance 


Source OFF 


| 
S(off) Leakage Current 


Drain OFF 


! 
D(off) Leakage Current 


Drain ON 


24 
'D(on) Leakage Current 


Input Current, 


| 
INH Input Voltage High 


Input Current, 


\ 
INL Input Voltage Low 


ton Turn-ON Time 


tof Turn-OFF Time 
toff2 Turn-OFF Time 


Source OFF 
Capacitance 


Drain OFF 


Capacitance 


Channel ON 
Capacitance 


Cs (off) 
CD (off) 
CpD(on) + Cs(on) 


OFF Isolation? 


Interchannel 


Crosstalk 


Isolation 


I+ Positive Supply Current 
|- Negative Supply Current 
| Logic Supply Current 


. Typical values are for DESIGN AID ONLY, not guaranteed and 
not subject to production testing. 
- ID(on) is leakage from driver into ON switch. 
| Vs! 
. OFF Isolation = 20 log , Vg = input to OFF switch, 
Vp = output. IVp! 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 


spikes at leading and trailing edge of output waveform. 


LOGIC 


INPUT (IN,) °¥ 


t;< 20 ns 
te< 20 ns 


SWITCH 
INPUT 


SWITCH 
OUTPUT (Vo) 


Storage Temperature 
Operating Temperature 
Power Dissipation (Package) * 
16 Pin Plastic DIP** 
"Device mounted with all leads soldered or welded to 
PC board. 
**Derate 6.5 mW/~C above 25°C 


MAX 
LIMITS 


C SUFFIX TEST CONDITIONS, UNLESS NOTED: 


V+=15 V, V—=-15 V,Gnd=0,V, =5V 


Vg=14V,Vp=-14V 


Vg =-14V,Vp=14V Vig eOaw 


Vp =14V,Vs=-14V 


Vp =-14V, Vg =14V 


See Switching Time 
Test Circuit 


Vs =0, Vin=OV 
pF Vp =0, Vin=O0V f = 1 MHz 
Vp=Vs=0, Vin=5V 


Vin=OV, RL =1K Q, C, =15 pF 
Vo =1VRMS, f = 100 kHz . 


Vin =Oor24V 


+5 V 


uae SWITCH 
INPUT 
S; OUTPUT 


Vs=+2V © 


IN, 
LOGIC 
INPUT 
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Monolithic General Purpose c:2 
CMOS Analog Switch Siliconix 


designed for Coeur BENEFITS 


@ Transient Suppression 
O Make-Before-Break Switch Operation 


@ Programmable Gain Amplifiers 


@ Environmentally Rugged 
© 40V Power Supply Rating 
O Static Protected Logic Inputs 
O Latchproof 


@ Servo Control Switching Beaten 


O TTL and CMOS Compatible without 
Pull Up Resistors 


@ Analog Multiplexing 


Reduces External Component Requirements 
O Full Rail to Rail Analog Signal Range 

O No Diode Protection Required Between 
Vi and V+ for Power Supply Sequencing 


Pin for Pin Compatible with 
O Intersil 1H5043 

O Harris HI5043 

O Siliconix DG5043, DG191, DG390 


DESCRIPTION 
The DG243 designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 50 ohms contact 


resistance and very high OFF resistance. True switch action takes place over the full analog signal range of +15 volts, with 
Make-Before-Break operation improving transient response in programmable gain amplifiers. 


PIN CONFIGURATIONS 


FUNCTIONAL DIAGRAM (typical channel) 


Dual-In-Line Package 


DUAL SPDT 


LEVEL 
SHIFTER 


ALL SWITCHES SHOWN IN 
THE LOGIC “1” 
SWITCH STATE 


LOGIC 
INTERFACE 


AND 
PROTECTION GND 


TOP VIEW 


ORDER NUMBER: 
DG243AK or DG243CK 
SEE PACKAGE 10 


DG243CJ 
SEE PACKAGE 8 
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DG243 


ABSOLUTE MAXIMUM RATINGS 


Voltages referenced to V- 


Storage Temperature (A Suffix) . . . . . -65to 150°C 


Vr emirate 2 Son: uke eee nee eae ea 44V (C Suffix) . . . . . -65to 125°C 

V Pe Ae ae eras ees tee (GND -0.3 V) to 44 V Operating Temperature (A Suffix) . . . . -55 to 125°C 

GND Span, Cente) St poet eek or els SE 25 V (C Suffix) 3.2 oe 4Qiten70eC 
Digital inputs? V¢,Vp.......... ~2 V to (Vt +2 V) or PamenDisigations 

30 mA, whichever occurs first. Metal Can and Plastic DIP** . . . . .. . . 450mW 

16:Pin DIP**** » 0. 2. BB ce 

Current, Any Terminal ExceptSorD... . . 30mA Flat Pack***** . .. . rr 


Continuous Currents Son. Ditis sees 
Peak Current, Sor D 
(pulsed at 1 msec, 10% duty cycle max) . 


ELECTRICAL CHARACTERISTICS 


parameters and high and low temperature limits to assure conformance with specifications. 


O;] oN nian 
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CHARACTERISTICS 


30 mA 


gill 


*All leads welded or soldered to PC board. 
00 mA **Derate 6 mW/°C above 75 C 
****Derate 12 mW/C above 75 C 
*****Derate 10 mW/C above 75 C 


All DC parameters are 100% tested at 25° C. Lots are sample-tested for AC 


A SUFFIX 


MAX LIMITS 


TEST CONDITIONS 
UNIT V+ = 15V, V— = -15V 


C SUFFIX 


Vv Minimum Analog Signal 
ANALOG Handling Capability 


Drain Source 


V_ = 5V, GND = 0V 


~ 
~ 


Vp = OMe Is = -10 mA 


ON Resistance 


Source OFF 


Vp = -10V, Ig = -10 mA 


Vg =14V, Vp = -14V 


Leakage Current 


moA-=0n 


Drain OFF 
Leakage Current 


Drain -ON 


Vg = -14V, Vp =14V 


Vg = -14V, Vp = 14V 


Vg =14V,Vp = -14V 


Vg*=Vp =14'V 


Leakage Current 


3 Input Current 
Ly lH 
N Input Voltage High 
P 
: line? Input Current 
Input Voltage Low 


Turn-ON Time 


Turn-OFF Time 


Vs =Vp = = -14V 


VINH = 2.0 V 


pF 


VIN =O0Vor2.4V 


Source OFF ; 
2 S(off) Capacitance 15 Typical 
rn Drain OFF 
A rain ; 
iH (off) Capacitance Ty pial 
. Ch | ON 
anne 2 
Cp(on) + Cs(on) Capacitance erty pleat 
OIRR OFF Isolation 75 Typical 
Interchannel dB 
CCRR Crosstalk 89 Typical 
Isolation 
Positive Supply Current 300 300 300 300 300 300 
S 
U Negative Supply Current 300 300 300 300 300 300 
i LA 
P 
L Logic Supply Current 300 300 300 300 300 300 
VG 
Ground Supply Current 300 300 300 300 300 300 
NOTES: 


1: Viny = Input voltage to perform proper function. 


For Logic oe VINH =2.0V 
For Logic 0" —Viny = 0.8 V 


2: See Switching Time Test Circuit. 


3: Limits of these paramaters are tested 100% at 25 °C and 125°C for “/883” 
devices. 


4: For "/883'' devices these parameters are 100% tested at 25°C. 


Note 1 


Note 2 


Note 1 


ICMK-C 


5: Signals on Sx, Dx or INyx exceeding V+ or V— will be clamped by internal diodes. 


Limit forward diode current to maximum current ratings. 


Siliconix 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. VO is the steady state output with switch on. Feedthrough via gate capacitance may result in 


spikes at leading and trailing edge of output waveform. 


LOGIC 
INPUT (INq) 3¥ 


tr << 20ns SWITCH 
tr<20ns ON INPUT s4 


SWITCH 
INPUT 


SWITCH 
OUTPUT 


Note: Logic input waveform is inverted for switches 
that have the opposite logic sense control. 


CHARGE INJECTION TEST CIRCUIT 


CL = 1000 pF 


I 


SWITCH 
OUTPUT 


(REPEAT TEST FOR INQ) 


-15V 


ei ele 
0” YS RL + tpsion) 


AVO 4 measured voltage error due to charge injection. 
The error voltage in coulombs is AQ = C, x AVo. 


SCHEMATIC DIAGRAM (typical channel) 


vt 
@ 
VL OC 
COMP 
{‘ LOW 
GND © L 
INx © 
A 
e 
We 


Siliconix 


O Sx 
vt ey 


Dx 
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DG243 


APPLICATIONS 


The Make-Before-Break operation of the DG243 provides simple transient suppression in these two important applications. 


CLEAN TRANSITIONS NO GLITCHES DUE 
TO CHARGE COUPLING 


PRECISION PROGRAMMABLE GAIN AMPLIFIER 


Figure 1. Improving Transient Response in Programmable 
Gain Amplifiers. ““Getting Rid of Glitches”. 


Figure 1 shows a minimum amount of glitching during changes of gain states. The relatively low impedance of the gain 
setting resistors 10K, 1K, 10092 shunt the injected charge to ground minimizing transient effects ocurring at the inverting 
input of the op amp. Consequently, these transients are not amplified to VOUT. 


OPAMP 


Figure 2. Minimizing Glitches in Audio Switching 


Figure 2 takes advantage of the Make-Before-Break operation of the DG243 by shorting transition current to real ground 
instead of virtual ground. The proper offset voltage specification for op amp selection gives the best results. 


The circuit outperforms its Break-Before-Make cousin, the DG5043 in this application. 


3-74 Siliconix 


Low-Charge Coupling JFET 5 


| Ss + h Siliconix 
desi d for.. 
esigne OP~ece BENEFITS 
@ Minimum Signal Errors 
Ps) Low Error Sample ane mesh el © Low Charge Feedthrough 7 Picocoulombs 
e 8 Typical 
Circuits O Low “ron xX ID(OFF) Error Factor 
e e e e Ob Leak Less Than 10 Pi 
mg 100 MHz Signal Switching with FMEAIAG LOARAMA AOI I 
High OFF isolation O Low Distortion — Constant ON Resistance 
“ ® Easily Interfaced 
a Presettable Integrators with O TTL and CMOS Logic Compatibility 
rs Over Full T ture R 
Minimum Offset Error Foti. Poser Mau Wik pee 
® Compact Circuit Layouts 
eat Low Distortion Click Free © Several Form Factors Available in Single 
x4 ia ‘ Packages (eg. 2XSPST, SPDT, 2XSPDT, 
Audio Switching 2XDPST) 
DESCRIPTION 


The DG281 series incorporates N-channel junction-type field-effect transistors (JFETs) designed to function as electronic 
switches. Level-shifting drivers enable TTL or CMOS outputs to control the ON-OFF state of each switch. The driver is 
designed to provide break-before-make action when switching from one channel to another. The low switch capacitance 
results in a minimal amount of charge-feedthrough into the analog signal path. In the ON state each switch conducts current 
equally well in either direction. In the OFF condition the switches will block voltages up to 22.5 V peak-to-peak. 


PIN CONFIGURATIONS (Top View) — Dual-In-Line Package TO-116 | SCHEMATIC DIAGRAM (Typical Channel) 
Metal Can Package TO-100 


ORDER NUMBERS: ORDER NUMBERS: 
DG281AA OR DG281BA DG281AP OR DG281BP 
SEE PACKAGE 2 SEE PACKAGE 11 


Dual-In-Line Package 


VL 
ORDER NUMBERS: 


ORDER NUMBERS: 


DG287AA OR DG287BA DG287AP OR DG287BP . 
IN 
SEE PACKAGE 2 SEE PACKAGE 11 A Os Vi Vino Logie innet Vs 
Dual-In-Line Package DUAL DPST Positive Negative Logic Reference Voltage Analog 
Supply Supply Supply Supply Vyjqny Min/ Voltage 
SWITCH Voltage Voltage Voltage Voltage Viny Max Range 


(V) (Vv) (V) (V) (V) (V) 


OFF 
ON 


DUAL SPDT 


-7.5to +15 


—12.5 to +10 
—4.5to+12 


*Application Hints are for DESIGN AID ONLY, not guaranteed 
and not subject to production testing. 


ORDER NUMBERS: 
DG284AP OR DG284BP 
SEE PACKAGE 12 


ORDER NUMBERS: 
DG290AP OR DG290BP 
SEE PACKAGE 12 


SWITCH STATES ARE 
FOR LOGIC “1” INPUT 
(POSITIVE LOGIC) 


**Electrical Parameter Chart based on V+ = +15 V, V— = —15 V, 
Vile ON eee G rich 
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ABSOLUTE MAXIMUM RATINGS 


NEO: View cet wetted coals haees BRE a ee ee 36 V Power Dissipation” a 
Vide COmVAI) Hass arene) Site: Guat eaaitte cl eee er eae 33 V Metal\Can* =a a “BERET Gg Fy 1. 1%, 450 mW 
WATSON Le, Schnee ce SER gels he ee 33 V 14: Pin. DPE Foire te: | SA ame. ee 825 mW 
V Di tOsVSa eta satan la he oh ta Get Staion wnt he +22 V HOgPinaDIP Sty CF Se ee aioe. eed 900 mW 
Visto VSR ha caentin an (hens ieee Shae ey ewet rarseeh See Ropee Oe 36 V 
VIL TOMIN <n eine benie vs As BS ong Beare 8V * All leads welded or soldered to PC board. 
VL to VR cee es ROC R RCO cs Gch: 6 6 9G. Cen eo ore 8V **Derate 6 mW/°C above 75°C. 
VIN to VR ere? GMC ROnCRS Canta T a Be Ane 34 ee SS Grae 8V ***Dorate 11 mW/°C above 75 (Cs 
VR TOWV Sh ei detec ap ce ek oe ene 27V ****D orate 12 mW/°C above 75°C 
VIROL TN Bic Bas eis wie eo a asad AP eResane ct aire ue 8V 
COnrenta(VAtivinhenlnti nacre. resect treater a hncmen tra 20 mA 
Storage Temperature .............. -65 to +150°C 
Operating Temperature (A Suffix) ..... —§5 to +125°C 

(B Suffix) ..... —20 to +85°C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 
MAGN TEST CONDITIONS, 
UNIT 


CHARACTERISTIC DG281A, DG284A | DG281B, DG284B UNLESS NOTED: 
DG287A, DG290A | DG287B, DG290B V+= 15, V-=-15.V, 
2 | w| !s(off) 
' Leakage Current 


VL=5V, VR =O 
ee ee 
T Drain OFF 


DG281 DG284 DG287 DG290 


; Drain Source 
"DS(on) ON Resistance 


Ss Source OFF 


oO 


rs 
° 
Be 
= 
oO 
3 2) 
ree is 
cK 
on 
rT] iT} 
es 
No 
Oe 
= 
i 


< 
1o] 

! 
4 
o 
< 


Ig =-1 matt 


=> 
jo) 
oO 


j=) 
Oo 


4 'Dion) * !s(on) Leakage Current 


Input Current, 
5 WNL Input Voltage Low ofibe | me 
20 


ae 


= 
rs 
il 

oO 


50 

Input 'C he 
nput Current, 

B 20 


= 
o 


Vin =5V 


See Switching Time Test Circuit 


Input Voltage High 


7} [ton Turon time | | itso | | a0 


Source OFF Vo=-5 V 
g;D “nal * S ; 
¥ Cs (off) Capacitance 6 Typical eo 
N i 
Drain OFF Vn =-5 V 
10 A c i * D ' = 
M Dioff) Capacitance ¢ ‘YiAcel pF Is =0 f= 1 MHz 
I 
Channel ON 4 
11 | © [Cdion) + Eston) Capacitance 14-17 Typical * Vp as =e 


12 Charge- c Ys 72M See Charge-Feed- 


POWER SUPPLY CURRENTS 


GHABSSPERIS TIC DG281 DG284 DG287 DG290 IT 
25°C MAX LIMITS 29 UN TEST CONDITIONS 
3 


14] [i+ Positive Supply Current | 6 | 38 | oe 


15 S i= Negative Supply Current Sa —5.5 Vin = ot 
U 

16 p ; 

17| p+ | Positive Supply Currdnt | 18) | Ot | op 


= 
= 
fe) 
re] 
ie} 
n 
fe 
D 
sch 
< 
oO 
= 
=< 
oOo 
5S 
s 
L 
oO 
b 
o 
w 
NO 
\ Sey A = 
N ola a 
3 
> 


Both Vin =5V, Vin =0 


‘ 


Tif driver has two channels, both are active. DG281 CMJB-NH 
“Typical values are to DESIGN AID ONLY, not guaranteed and not subject to production testing. DG284 ~~ CMJA-NH 
Switch being tested ON or OFF as indicated. Input Logic Low 0.8 V. DG287 CMJC-NH 
Input Logic High 2V. DG290 CMJB-NH 


TRUTH TABLE 
[pevice [wT 


DG281 0.8 V ON 
2.0 V OFF 
DG284 0.8 V OFF OFF 0.8 V OFF OFF 
2.0 V ON ON 2.0 V ON ON 
i ON 


DG287 0.8 V OFF 
2.0 V ON 

DG290 0.8 V OFF 0.8 V OFF ON 
2.0 V ON OFF 2.0 V ON OFF 


ON 
OFF 
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CHARGE INJECTION TEST CIRCUIT 


SWITCH 
OUTPUT 
Vo 


CHOLD 


a 390 pF 


LOGIC “1” = SWITCH ON 


LOGIC INPUT 
t,<10ns 
te < 10 ns LOGIC “0” = SWITCH OFF 


SWITCH OUTPUT veeN / ij Seana NUE ONT CG 


ie) 


AVo 


SWITCHING TIME TEST CIRCUIT 


Charge Feedthrough vs 
RGEN and VGeEn 


AQ — CHARGE-FEEDTHROUGH 
(PICOCOULOMBS) 


VGEN — GENERATOR VOLTAGE (VOLTS) 


A | “Vo = ERROR VOLTAGE GENERATED “Q= CHARGE INJECTED BY SWITCH 


ACROSS CAPACITOR DURING TURN-OFF 
=-Vo X CHoLD 


Switch output waveform shown for Vs = constant with output with switch on. Feedthrough via gate capacitance 
logic input waveform as shown. Note that Vs may be + or may result in spikes at leading and trailing edge of output 


— as per switching time test circuit. Vo is the steady state waveform. 


LOGIC ‘"1" = SW. ON 
LOGIC 3V 
Hegel 1.5V f + SWITCH 
t, < 10 ns 5 SWITCH 
tf <10ns ) INPUT Sy OUTPUT 


SWITCH 
INPUT 


SWITCH 


OUTPUT O-15V (REPEAT TEST FOR 


OV v- INo AND So) 


Vo=R RE 
: SRL + rps(on) 


TYPICAL PERFORMANCE CURVES 


Supply Current vs 
ID(off) vs. Temperature Temperature 


| — SUPPLY CURRENT (mA) 


[—} TEST LIMITS 
V+=15V,V—=-15V 
VL =5V,VR=0V 
Vp =7.5V, Vg =-7.5 V 


0 
85 105 125 145 —55 —-35 -15 5 25 45 65 85 105 125 


ID(off) — DRAIN OFF CURRENT (pA) 


T — TEMPERATURE (°C) T — TEMPERATURE ( C 


“OFF” Isolation vs Supply Current vs 
Frequency Temperature 


i Ma a Os ES 


OFF ISOLATION (dB) 


Vin! 
| — SUPPLY CURRENT (mA) 


0 
-55 -35 -15 5 25 45 65 85 105 125 
f — FREQUENCY (Hz) T — TEMPERATURE ( C) 


Siliconix 


Switching Time vs Vs and 
Temperature 


t — TIME (ns) 


55 —35 —-15" 5° 25°" 45 | 65° 85) 105/125 
T — TEMPERATURE (°C) 


Supply Current vs 
Temperature 


| — SUPPLY CURRENT (mA) 


—55 —35 —15')) 5) 25° (45'\ 65 85 105 125 
T — TEMPERATURE (°C) 


Supply Current vs 
Temperature 


| — SUPPLY CURRENT (mA) 


0) 
-55 -35 -15 5 25 45 65 85 105 125 
T — TEMPERATURE ( C) 
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DG281 DG284 DG287 DG290 


rDS(on) vs Temperature lin vs Vin and Temperature Capacitance vs Vp or Vs 


= 
i=} 
o 
oO 


100 


=S 
22 


ao 
o 


i canna 1S MEASURED ON 
TEST TERMINAL TO COMMON 


s 


> 
o 


Cs (off) 


C — CAPACITANCE (pF) 


Y 
Pebehisk= 
A 


ly — INPUT CURRENT (uA) 


| Jee Te Bee 


Np 
oO 


—55 -35 -15 5 25 45 65 85 105 125 


tps — DRAIN-SOURCE ON RESISTANCE (OHMS) 


—10 -8 -6 -4 -2 0 2 4 6 8 10 
Vp OR Vs — DRAIN OR SOURCE VOLTAGE (VOLTS) 


T — TEMPERATURE (°C) 


LOGIC INPUT 


Equivalent “OFF” Circuit 


0.34 pF 


Vin — LOGIC 
INPUT (VOLTS) 


Mifimames 
Dee PE ETS 
If RGen, Ri or Cy is increased, there will be pf JN} 


proportional increases in rise and/or fall times. 


Vo — OUTPUT 
VOLTAGE (VOLTS) 


FEATURES 
e MINIMAL INTEGRATION ERROR 

DUE TO LOW CHARGE FEEDTHROUGH 
e LOW LEAKAGE 


T — TIME (uS) 


VIDEO 


VIDEO INPUT O OUTPUT 


SYNC/BLANKING 
LEVEL (—ve DC) 


BLANKINGO 


VIDEO 
OUTPUT 


FEATURES 
e MINIMAL OUTPUT SPIKES 

DUE TO LOW CHARGE FEEDTHROUGH 
e NEGLIGIBLE FEEDTHROUGH 

DURING BLANKING INTERVAL 
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Monolithic CMOS Analog 


Switches 


designed for... 
# Portable, Battery Operated Circuits 


m Low Leakage Switching 
i.e. Sample and Hold Circuits 


a 


Siliconix 


BENEFITS 
@ Environmentally Rugged 
© Latchproof CMOS 


Low Standby Power 
O 0.06 uW Typical 


@ Minimizes Signal Error 
O 0.1 nA Typical Leakage 


@® Low Operating Power 


$ Z0€9d 00&9d 


solo 


O 0.06 uW Typical for DG304-307 
® Reduced Voltage Drop Across Switch in ON 
Condition 
© rds(on) < 50 Q 
Minimizes Switching Time 
O Typ ton & toff < 180 ns 
Minimizes System Power Requirements 
O« Single Supply Operation Capabilities 


= Communication Systems 


Low Level Switching Circuits 


@ Fast Switching Circuits 
such as Multiplexers 


@ Standard Linear Dual Suppl 
Voltages or Single surely Systems 


@ Easily interfaced 

O TTL, DTL and CMOS Input Compatible 
® Reduces External Component Requirements 
O Logic Input Overvoltage Protection 


DESCRIPTION 


The DG300 through DG307 switch family features fur eching functions using CMOS technology for low and nearly 
constant ON resistance (less than 50 {2) over the fu | analog signal range. In the ON condition the switches will conduct 
current in either direction with no offset voltage. With low power dissipation, (a few milliwatts for the DG300-303, a few 
hundred microwatts for the DG304-307), this series of switches becomes an ideal candidate for battery-powered or remote 
switching applications. The switching speed is among the fastest available with the low quiescent power dissipation. In the 
OFF condition, the switches will block voltages up to 30 V peak-to-peak. A logic input driver controls the ON/OFF state of 
the switches. (See the ‘’Pin Configuration’ for switch status with a logic ‘’1’’ input.) The DG300-303 switches are TTL and 
CMOS input compatible and have a logic ‘‘0”’ state with an input less than 0.8 V and a logic ‘‘1’’ state with an input greater 
than 4.0 V. A pull-up resistor should be added for totem pole TTL outputs. The DG304-307 switches are CMOS input 
compatible and have a logic “0” state with an input less than 3.5 V and a logic ‘‘1”’ state with an input greater than 11 V 
(for 15 V positive supply). The logic inputs are protected against overvoltage up to 18 V above and 36 V below the positive 


V+ (SUBSTRATE AND CASE) 


Dual-In-Line and Flat Package 


supply. The combination of low cost, low power, low resistance and fast speed optimizes system design. 


PIN CONFIGURATIONS 
DUAL SPST DG300 or DG304 
Metal Can Package Dual-In-Line and Flat Package 
ORDER NUMBERS: 


DG300AP OR DG300BP 


SEE PACKAGE 11 
DG300CJ 
DG304CJ 

SEE PACKAGE 7 

~ DG300AL OR DG304AL 
SEE PACKAGE 16 


TOP VIEW 


LOGIC] SWITCH 
0) OFF 
1 ON 


DUAL DPST DG302 or DG306 


TOP VIEW 
ORDER NUMBERS: 


~-DG300AA OR DG300BA 
DG304AA OR DG304BA 
SEE PACKAGE 2 


ORDER NUMBERS: 


0 OFF 
1 ON 


SEE PACKAGE 11 
DG302CJ 
DG306CJ 

SEE PACKAGE 7 

~ DG302AL OR DG306AL 


CO te SEE PACKAGE 16 


SWITCH STATES ARE FOR LOGIC “1” 


Silicon 


SPDT DG301 or DG305 
Dual-In-Line and Flat Package 


if V+ (“SUBSTRATE AND CASE) 


Metal Can Package 
ORDER NUMBERS: 
DG301AP OR DG301BP 
DG305AP OR DG305BP 
SEE PACKAGE 11 
DG301CJ 
DG305CJ 
SEE PACKAGE 7 
DG301AL OR DG305AL 


SEE PACKAGE 16 TOP VIEW 


TOP VIEW 
ORDER NUMBERS: 


LoGic [sw | sw2] DG301AA OR DG301BA 
OFF on |OG305AA OR DG305BA 
ON OFF SEE PACKAGE 2 
DUAL SPDT DG303 or DG307 
ORDER NUMBERS: Dual-In-Line and Flat Package 
DG303AP OR DG303BP 
TOG swilsw3 DG307AP OR DG307BP 
sw2|sw4 SEE PACKAGE 11 
DG303CJ 
DG307CJ 
SEE PACKAGE 7 
DG303AL OR DG307 AL 


SEE PACKAGE 16 
INPUTS (POSITIVE LOGIC) 


TOP VIEW 
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DG300 DG307 Series 


ABSOLUTE MAXIMUM RATINGS 
Vin to Ground 


vt +18 V, Vt -36 V 


Power Dissipation” 


VG SIV FRE Sg ae Vt to V7 14 Pin Sidebraze DIP (P)** -.. ... .., eee 
Nit eG Grountee a ees Y %4+36V 14'Pin Plastic DIP (J)*** . 92 ties? GSR eee 
Vt to V7 rhs Tee ur oaY, Metal Can(A)**** . . . =. sa cen 
Current, Any Terminal i eueoot S or ‘D) 30 mA Flat Package (L)***** . 1. i My Gi en 
Current, Sor D, Continuous . 30 mA “Device mounted with all leads welded or soldered to 
Pulsed 1 ms 10% Duty Cycle p... § 100imA PC board. 

Operating Temperature (A Suffix) .. -55 to+125°C **Derate 11 mW/C above 75°C 

(B Suffix) -20 to +85°C ***Derate 6.5 mW/C above 25°C 

(C Suffix) 2. . Oto +70°C ****Derate 6 mW/°C above 75°C 
Storage Temperature (A & B Suffix) -65 to +150°C *****D orate 10 mW/°C above 75°C 

(C.Sutfix)isesas -65 to +125°C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


Characteristics 


=~ 


Max Limits 


A/B Suffix 


Typ! -55°C/ 


5: 


N 
oO 
oo 
oO 
° 
00 
°. 
° 
ie) 
Ey 
oO 
) 
Ey 
~~ 
o 
° 
ie) 


Test Conditions 
=+15V, V—=-15V, Gnd =0 V 


ee Suffix 


2 


25°C |-20°C 

Minimum Analog Signal E- 
Vv +15 +15 +15 |, +15 | V |Switch ON | 10mA 
ANGE OS Handling Capability ao ne 

Drain Source oo ee at el ot aS Q bo Note 2 

Source OFF i CY SD 57 11V Apne 

: Note 2 

| Drain OFF cy a a Vo 74 Melinda 
ae) Leakage Current | = |-100 | | 5 [100] [vp =-14v, vg= +14 v 

Chernel ON ro ge eit Re Von vers i ti 
'D(on) di 

input Current | 26900-203 Only oil aU el Vine EON 3 


CD (on) ct: Cg(on) Channel ON Capacitance 


Input Capacitance 


OFE cite Pare EI? cana 


ica RE Supply Current 


Positive Supply Current 


NOTES: 


Turn ON Time DG304-307 

Turn OFF Time Only 
Break-Before-Make}] DG301/303 

Interval DG305/307 Only 


Negative Supply Current DG300-303 -0.001 
Positive Supply Current Only 

Negative Supply Current 

Negative Supply Current DG 304-307 
Positive Supply Current Only 
Negative Supply Current 


130 


110 


3:5 


0.23 


-10 


-10 


—= ao 
oO 


0.001 


10 
-10 


1 { i] 
(o) Oo oO ' ; 

i 
S = |, S Sislolsolo ° =. 
pert as a = = — = ey = = oO 


Ww 
jo) 
(=) 


N 
oa 
j=) 


= 


| os | 0 
Te 


2 
ERE 
= 


Vin = 0 


See Switching Time Test Circuit 


oO 
oO 


=| 
n 


See Break-Before-Make Time Test Circuit 


| oes 
Vin =0,R, =1K 2, C, =+15 pF 
Vs = 1 Vams: f = 500 kHz 


Vin = 4 VY (One Input) (All Other Inputs = 0) 


Vin = +15 V 


-100 


VIN = 0.8 V (All Inputs) 


Vin = +15 V (All Inputs) 
-100 


Vin) = O(AII Inputs) 
-100 IN 


Ne 
22. 


3. 
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DG300 ICMA-A DG302 ICMB-A 


Typical values are for DESIGN AID ONLY,.not guaranteed and not subject to production testing. 


VIN = Input voltage to perform proper function. DG300-303: Vij — For logic ‘1’ = 4 V, for logic 0" = 0.8 V. DG301 ICMA-B DG303 ICMB-B 
DG304-307: Vij — For logic "1" = 11 V, for logic "0" = 3.5 V 

“OFF” Isolation = 20 log Vs/Vp, Vg = Input to OFF switch, Vp = Output. ; DG304 ICMA-C DG306 ICMB-C 

Since the DG300-301 and DG304/305 have a N/C pin between S and D, the OFF Isolation generally improves by DG305 ICMA-D DG307 ICMB-D 


7 dB @ 500 KHz over value shown here. 


Siliconix 


Monolithic CMOS Analog S 

® Siliconix 
Switches 
designed for e® @ @ ; Sea ea Rugged 


O. Latchproof CMOS 


: . . @ Low Standby Power 
= Portable, Battery Operated Circuits ° ©" * Pee Abs 


@ Low Leakage Switching © Minimizes Signal Error 
{ o's 0.1 nA Typical Leak 
1.e. Sample and Hold Circuits O nA Typical Leakage 


@® Low Operating Power 
O 7.5 mW Typical 


@® Reduced Voltage Drop Across Switch in ON 


= Communication Systems 


H H H H Condition 
@ Low Level Switching Circuits ea Soars 
Fast Switching Circuits oo Belize: oye nate 
h M ; e f O- Typ ton & tot# < 180 ns 
SUC ais U Tip exers @ Minimizes System Power Requirements 


i O Single Supply Operation Capabilities 


@ Standard Linear Dual Supply ) 
Z @ Easily Interfaced 
Voltages or Single Supply Systems O TTL, DTL/CMOS Input Compatible 


O Pin to Pin Replacement for DG180 Series 
Switches 


Reduces External Component Requirements 
DESCRIPTION O Logic Input Overvoltage Protection 


The DG381 through DG390 switch family features four switching functions using CMOS technology for low and nearly 
constant ON resistance (less than 50 (2) over the full analog signal range. In the ON condition the switches will conduct 
current in either direction with no offset voltage. With low power dissipation, a few milliwatts, this series of switches 
becomes an ideal candidate for battery-powered or remote switching applications. The switching speed is among the fastest 
available with the low quiescent power dissipation. In the OFF condition, the switches will block voltages up to 30 V 
peak-to-peak. A logic input driver controls the ON/OFF state of the switches. (See the ‘‘Pin Configuration’ for switch 
status with a logic ‘’1’’ input.) The switches are TTL and CMOS input compatible and have a logic ‘’0”’ state with an input 
less than 0.8 V and a logic ‘1’ state with an input greater than 4.0 V. A pull-up resistor should be added for totem pole 
TTL outputs. The logic inputs are protected against overvoltage up to 18 V above and 36 V below the positive supply. The 
combination of low cost, low power, low resistance and fast speed optimizes system design. 


PIN CONFIGURATIONS 
DUAL SPST DG381 


Dual-In-Line Package 


SPDT DG387 


Dual-In-Line Package 


Metal Can Package Metal Can Package 


OFF | ON 
ON OFF 


TOP VIEW TOP VIEW 
TOPWIEW ORDER NUMBERS: ORDER NUMBERS: saith 
DG381AP OR DG381BP DG387AP OR DG387BP 
ORDER NUMBERS: SEE PACKAGE 11 *(SUBSTRATE *(SUBSTRATE SEE PACKAGE 11 ORDER NUMBERS: 
DG381AA OR DG381BA DG381CJ AND CASE) AND CASE) DG387CJ DG387AA OR DG387BA 


SEE PACKAGE 2 SEE PACKAGE 7 SEE PACKAGE 7 SEE PACKAGE 2 


DUAL SPDT DG390 


Dual-In-Line-Package 


DUAL DPST DG384 


Dual-In-Line Package 


ORDER NUMBERS: 
DG390AP OR DG390BP 
‘SEE PACKAGE 12 
DG390CJ 
SEE PACKAGE 8 


ORDER NUMBERS: 

DG384AP OR DG384BP 

SEE PACKAGE 12 
DG384CJ 

SEE PACKAGE 8 


abasic sata 
TOP VIEW TOP VIEW 


SWITCH STATES ARE FOR LOGIC “1 INPUTS (POSITIVE LOGIC) 
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DG381 DG384 DG387 DG390 


ABSOLUTE MAXIMUM RATINGS 


VIN CONGO ei ie ae, tS) VOM Vrees Oa Power Dissipation” 

Vs to Vp Re ee SAUL) Fy a en) bo ay oa Nie Sidebraze DIP (P)** 

ME to KG EOUING de eel sed oo oe Bs le kak Ries gerd, Ce Aeon Nt Plastic DIP (J)*** 

V+ to V— Eto Jani. 3) +386 V Metal Can (A)**** 

Current, Any Terminal ee 5 or ‘D) sit. g. « SOMA 

Gurrent, Sor D, Contintiouss saqvariane b> ie. 4 3 SOMA 

Pulsed 1 ms 10% Duty Cycle. . . . . . 100mA 

Operating Temperature (A Suffix) . . -55to+125°C *Device mounted with all leads welded or soldered to 
(B Suffix) . .  -20to +85°C PC board. 
(CSU a aia ne O10 Fe ORC **Derate 11 mW/°C above 75°C 

Storage Temperature (A & B Suffix) . . -65to+150°C ***Derate 6.5 mW/°C above 25 C 

(CSuftiximeaiee eigeie-Ob tot 125.6 ****Derate 6 mW/°C above 75 C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and high and low temperature limits to 
assure conformance with specifications. 


Characteristics A/B Suffix C Suffix Unit 
“85°C! eee Ue Cl) o°c | 25°C | 70°C 
Gn 20nG 85°C 
Minimum Analog Signal ; 
VANALOG Handling Capability 15 ue £15 +15 | #15 V_ | Switch ON Ig = 10 mA 


Channel ON : Vp =Vs=+14V 


| 
D(on) Leakage Current : Vp=Vs=-14V 


| Input Current . Ee Vin = #5 V 
INH Input Voltage High Vin = +15 V 


aT A vin =0 
Peer Tames ras a I IS ees ; 


Break-Before-Make 
% toft ipetent DG387/390 only Pe OA TA See Break-Before-Make Time Test Circuit 


ete nm A a 
mi Soiot Den OFF Concrone | sf | || | | 

eS QF fii 
ae He) Ri 


Vin =+15V 


Wane - =" 
OFF Isolation? IN = 9, Ru = 1K Qj Cy = +15 pF 
Vs = 1 Vas, f = 500 kHz 


Positive i+ = Positive Supply Current Current OBI aaa | | mA | 


BEA eee 01 ORT 0 DO PM eH fF 


NOTES: 


Test Conditions 
V+=+15 V, V—=-—15 V, Gnd =0 V 


= 


Note 2 


2 
3 
4 
5 
6 
7 
8 
9 


1. Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing DG381 ICMA-E DG384 ICMB A 

2. Viny = Input voltage to perform proper function, Vjpq for logic "1" = 4 V, for logic "0" = 0.8 V DG387 ICMA B DG390 ICMB B 
F ks oa 

3. “OFF” Isolation = 20 log Vs/Vp = Input to OFF switch, Vp = Output 


3-82 Siliconix 


TYPICAL CHARACTERISTICS Typical delay, rise, fall, settling times, and 
DS(on) VS Vp and DS(on) VS Vp and switching transients in this circuit. 
Temperature Power Supply Voltage 


A Vt=+15V, V~=-15V 
B V+=4+10V, V-=-10V 
C Vt =+7.5V;, Va =-7.5V 
D vt=+5V,V~=-5V 


fos} 
o 


RESISTANCE (OHMS) 
RESISTANCE (OHMS) 


rDS(on) — DRAIN-TO-SOURCE ON 
'DS(on) — DRAIN-TO-SOURCE ON 


If RGEN: Ry or Cy is increased, there will be 
proportional increases in rise and/or fall RC 
times. Applying VGEN to D rather than S 
results in much greater spikes. 


Vp — DRAIN VOLTAGE (VOLTS) Vp — DRAIN VOLTAGE (VOLTS) 


Device Power Dissipation 


vs Switching Frequency 
Single Logic Input 


OFF Isolation Insertion Loss 
vs Frequency 


DG300 THRU DG303 
fa DG384 THRU DG390 
DG381 INVERTED LOGIC 


li Mt | 
Sail 
tt iS 


V+=15V, V—=-15V 
CLoap = 3 pF 


OFF ISOLATION (dB) 


(gP) SSO1 NOILYASNI 


WVs| 
IVD 


Py — POWER DISSIPATION (mW) 


Vin — LOGIC INPUT (VOLTS) 


1 10 100 1K 10K 100K 1M 
LOGIC SWITCHING FREQUENCY (Hz) 


f — FREQUENCY (H 
50% DUTY CYCLE Giz) 


IS(oft) OF ID(off) VS Temperature” ID(on) VS Temperature 


vt=+15V 
v- =-15V 
\Vpl=lVsl = 15 V 


IIs (off)! OR IID (off)! — SOURCE OR 
DRAIN OFF LEAKAGE CURRENT (nA) 


\ID(on)! — CHANNEL ON LEAKAGE CURRENT (nA) 


105 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Vo — OUTPUT VOLTAGE (VOLTS) 


*The net leakage into the source or drain is the n-channel leakage minus the p-channel 
leakage. This difference can be positive, negative, or zero depending on the analog voltage 
and temperature, and will vary greatly from unit to unit. 


Output ON Capacitance Input Capacitance vs 
vs Drain Voltage Input Voltage 


fie -+— 


Ci — INPUT CAPACITANCE (pF) 


Cp(on) + Cs(on) — OUTPUT ON CAPACITANCE (pF) 


t— TIME (us) 


*Note: The turn-off time is primarily limited here by the 
Vp — DRAIN VOLTAGE (VOLTS) Vin — INPUT VOLTAGE (VOLTS) RC time constant (100 ns) of the load. 
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DG300-DG307 DG381-DG390 


TYPICAL CHARACTERISTICS (Cont'd) 


t — SWITCHING TIME (ns) 


Switching Time vs Temperature 
DG300-303, DG381-390 


+=+15V 
ae eee 
ViINH = 4.0 V | | 


ViINL =O V 


BSBRR Re 
LB Ve 
BREESE R aa 
BRBERE NS 


oO 


-55 -35 -15 5 
T — TEMPERATURE (°C) 


25 45" 65 85 105 125 


t — SWITCHING TIME (ns) 


Switching Time and Break-Before-Make Time 
vs Positive Supply Voltage 
DG300-303, DG381-390 


ton/toff/tbbm — 
SWITCHING TIME/BREAK-BEFORE-MAKE TIME (ns) 


ton/tof¢ — SWITCHING TIME (ns) 


0 5 10 15 
Vt — POSITIVE SUPPLY VOLTAGE (VOLTS) 


Switching Time 
vs Negative Supply Voltage 
DG300-303, DG381-390 


Vv — NEGATIVE SUPPLY VOLTAGE (VOLTS) 


ton/tofs — SWITCHING TIME (ns) 


ton/toff — SWITCHING TIME (ns) 


0 
—55 -35 -15 5 


Switching Time vs Temperature 
DG304-307 


Vt=+15V 
v-=-15V 
ViINH =+15 V 


25 45 65 85 105 125 
T — TEMPERATURE (°C) 


Switching Time 


vs Positive Supply Voltage 
DG304-307 


vt — POSITIVE SUPPLY VOLTAGE (VOLTS) 


Switching Time 
vs Negative Supply Voltage 
DG304-307 


V- — NEGATIVE SUPPLY VOLTAGE (VOLTS) 


SWITCHING TIME TEST CIRCUIT 
(DG300-307 DG381-390 ) 


LOGIC 
INPUT 
t, < 20 ns 
te < 20 ns 


VtH — INPUT SWITCHING 
THRESHOLD VOLTAGE (VOLTS) 


LOGIC “1” = SWITCH ON * 


VINH 


DG300-303 DG381-DG390 4Vv 
DG304-307 15V 


*INVERTED LOGIC FOR DG381 


SWITCH 
OUTPUT 


Input Switching Threshold 
vs Positive Supply Voltage 
DG300-307, DG381-390 


DG300-303 


0G381-390 


vt — POSITIVE SUPPLY VOLTAGE (VOLTS) 


BREAK-BEFORE-MAKE TIME TEST CIRCUIT SPDT (DG301, DG303, DG305, DG307, DG384, DG390) 
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LOGIC “1” = SWITCH ON 
LOGIC 


Vs1 


SWITCH 


output 2 Y 


Vs2 


SWITCH 
OUTPUT 


Vv DG300-303 DG381-DG390 4V 
INPUT INH 
oe DG304-307 15 V 
ov 


VINH 


Siliconix 


SWITCH 
OUTPUT 


PARTIAL SCHEMATIC OF TYPICAL SWITCH (DG300-307, DG381-390) 


Sn a er a le hy 
INPUT PROTECTION LOGIC INTERFACE AND SWITCH DRIVERS ANALOG SWITCH 


APPLICATIONS 
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Single Supply Operation 


The DG300 series of analog switches will switch positive analog signals while using a single positive supply. This will allow 
use in many applications where only one supply is available. The trade-offs or performance given up while using single 
supplies are: 1) Increased rpS(QN); 2) slower switching speed. Typical curves for aid in designing with single supplies are 
supplied in the Figures below. As stated in the absolute maximum ratings section of the data sheet, the analog voltage 
should not go above or below the supply voltages which in single operation are V+ and 0 volts. 


RDS(on) vs Analog and Positive Supply Voltage Switching Time vs V+ — Positive Supply Voltage 


170 
150 


130 


LL eee ET 
V+=+5V 
Be Wolo lolol el shale! | | 
. 2anuns eet 
~~: (SG Reaee 
aT | Pee 


SOGGRRRGORAGEEE 
‘Dna aRanaeaae 
0 2 4 6 8 10° °° 1 


Va — ANALOG VOLTAGE (VOLTS) V+ — POSITIVE SUPPLY VOLTAGE (VOLTS) 


a 
= 
= 
ie) 
Ww 
o 
2 
< 
FE 
2 
n 
Ww 
c 
2 
° 
| 
a 
oo 
2) 
(2) 
- 


ton/to¢¢ — SWITCHING TIME (us) 


Input Threshold Voltage vs Positive Supply 


rT TLC 
ge Nant GMD ed Tor 


Wht 
ty eae 7: 
7: 


(ee a Mg oo 
5 


V+ — POSITIVE SUPPLY VOLTAGE (VOLTS) 


saur4imMs Bojpuy a 


Vth — INPUT LOGIC THRESHOLD (VOLTS) 
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DG300A-DG307A DG381A-DG390A 


Ds 


Siliconix 


Versatile CMOS 
Analog Switches 
designed for lice BENEFITS 


e Environmentally Rugged 


40 VP Ss ly Maxi Rati 
& Portable, Battery Operated © Stetie Protected Logie in aaa 
Circuits oO Latch Proof 
e Minimizes System Power Requirements 
m Low Level Switching Circuits 0-Dperates. OFF Single S62 oad 
e ° oP Dissipation .06 n»W Typical DG304A- 
= Sample and Hold Circuits 7A in al 
- x © Fast t,, and tos <110 nsec DG304-DG307A 
& High Speed Switching e Minimizes Signal Error 
< ee O LOW rpsjon) 30 ohm Typical 
m Programmable Gain Amplifiers © Low Usakegs 40 pala zag 
n Le) 
ors Single or Dual Supply Systems © Full Rail to Rail Analog Signal Range 


Easily Interfaced 
o TTL and CMOS Compatible 
¢ Pin for Pin Compatible With 

© Harris HI-3XX Family 
e DG381A-DG390A are Pin for Pin Compati- 
ble with DG180 Series 


DESCRIPTION 


The DG300A and DG381A series designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 30 ohms 
contact (ON) resistance and very high OFF resistance. True bidirectional switch action occurs over the full analog signal range of 
+ 15V, with Break-Before-Make operation to prevent momentary shorting of signal inputs. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM (typical channel) 


PART TYPE 
NUMBER SWITCH COMPATIBILITY 


DG300A 
DG301A 
DG302A 
DG303A 
DG304A 
DG305A 
DG306A 
DG307A 
DG381A 
DG384A 
DG387A 
DG390A 


sx 


LEVEL 
SHIFTER 


LOGIC 
INTERFACE 

AND 
PROTECTION GND vV- SWITCH 


Dx 
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PIN CONFIGURATIONS 


DUAL SPST DG300A or DG304A 
Metal Can Package 


V+ (SUBSTRATE AND CASE) 


Dual-In-Line and Flat Package 


ORDER NUMBERS: 


SPDT DG301A or DG305A 


Dual-In-Line and Flat Package Metal Can Package 


ORDER NUMBERS: 


TOP VIEW 
ORDER NUMBERS: 


DG300AAA OR DG300ABA 


DG300AAK OR DG300ABK | DG301AAK OR DG301ABK 
OR DG300ACK OR DG301ACK 
DG304AAK OR DG304ABK | DG305AAK OR DG305ABK 


TOP VIEW 


TOP VIEW TOP VIEW 


ORDER NUMBERS: 


OR DG304ACK 
SEE PACKAGE 9 
DG300ACJ 
DG304ACJ 
SEE PACKAGE 7 
DG300AAL OR DG304AAL 
SEE PACKAGE 16 


DG304AAA OR DG304ABA 
SEE PACKAGE 2 


LOGIC| SWITCH 
0 OFF 
1 ON 


DUAL DPST DG302A or DG306A 


Dual-In-Line and Flat Package 


ORDER NUMBERS: 
rh] Sq OG302AAK OR DG302ABK 
OR DG302ACK 
DG306AAK OR DG306ABK 
OR DG306ACK 
SEE PACKAGE 9 
DG302ACJ 
DG306ACJ 
SEE PACKAGE 7 
DG302AAL OR DG306AAL 
SEE PACKAGE 16 


OFF 
ON 


TOP VIEW 


DUAL SPST DG 381A 


Metal Can Package Dual-In-Line Package 


TOP VIEW 


ORDER NUMBERS: 
DG381AAK OR DG381ABK 
OR DG381ACK 
SEE PACKAGE 9 
DG381ACJ 
SEE PACKAGE 7 


TOP VIEW 


“(SUBSTRATE 
AND CASE) 


ORDER NUMBERS: 
DG381AAA OR DG381ABA 
SEE PACKAGE 2 


DUAL DPST DG384A 


Dual-In-Line Package 


ORDER NUMBERS: 
DG384AAK OR DG384ABK 
OR DG384ACK 
SEE PACKAGE 10 
DG384ACJ 
SEE PACKAGE 8 


TOP VIEW 


OR DG305ACK 
SEE PACKAGE 9 
DG301ACJ 
DG305ACJ 
SEE PACKAGE 7 
DG301AAL OR DG305AAL 
SEE PACKAGE 16 


DG301AAA OR DG301ABA 
LOGIC | SW1 |] sw2 
OER FSH) SNA eam ne nomen en 


ORE IRON SEE PACKAGE 2 
ON | OFF 


DUAL SPDT DG303A or DG307A 


Dual-In-Line and Flat Package 
SW1]/SW3 
OGI 
: 
OFF] ON 
ON | OFF 


ORDER NUMBERS: 
DG303AAK OR DG303ABK 
OR DG303ACK 
DG307AAK OR DG307ABK 
OR DG307ACK 
SEE PACKAGE 9 
DG303ACJ 
DG307ACJ 
SEE PACKAGE 7 
DG303AAL OR DG307AAL 
SEE PACKAGE 16 


TOP VIEW 


SPDT DG387A 


Dual-In-Line Package Metal Can Package 


rosie | swi | sw? 


OFF | ON 
ON OFF 


TOP VIEW 


ORDER NUMBERS: 
DG387AAK OR DG387ABK 
OR DG387ACK 
SEE PACKAGE 9 
DG387ACJ 
SEE PACKAGE 7 


TOP VIEW 


*(SUBSTRATE 
AND CASE) 


ORDER NUMBERS: 


DG387AAA OR DG387ABA 
SEE PACKAGE 2 


DUAL SPDT DG390A 


Dual-in-Line-Package 


ORDER NUMBERS: 
DG390AAK OR DG390ABK 
OR DG390ACK 
SEE PACKAGE 10 
DG390ACJ 
SEE PACKAGE 8 


SWITCH STATES ARE FOR LOGIC ‘1’ INPUTS (POSITIVE LOGIC) 
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DG300A-DG307A DG381A-DG390A 


ABSOLUTE MAXIMUM RATINGS 


Volt f ato ve 
oltages referenced to Plastic DIP (J)*** 


Metal Can (A)**** 
Flat Package (L)***** 


30 mA, whichever occurs first *Device mounted with all leads soldered or welded to 
Current Any Terminal (Except S or D) PC board. 
Current, S or D, Continuous **Derate 11 mW/°C above 75°C. 
Pulsed 1 ms 10% Duty Cycle ***Derate 6.5 mW/°C above 25°C. 
Operating Temperature (A Suffix) ****Derate 6 mW/°C above 75°C. 
(B Suffix) *****Derate 10 mW/°C above 75°C. 
(C Suffix) 
Storage Temperature (A & B Suffix) — 65 to 150°C 
(C Suffix) — 65 to 125°C 
Power Dissipation* 
Cerdip (K)** 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits to 
assure conformance with specifications. 


MAX LIMITS 


A SUFFIX B/C SUFFIX TEST CONDITIONS, 
CHARACTERISTIC UNIT | UNLESS NOTED: V+ =15 V, 


25°C -B5°C/ | a6 00 pa 25°c | 70°C V-=-15 V, GND=0V 
Page 
1 | Vanacog Minimum Analog Signal Handling Capability A 


'DS(on) Drain Source ON Resistance 


Is(off) Source OFF Leakage Current 


ID(off) Drain OFF Leakage Current 


Channel ON Leakage Current 


fe! 


Vp=+14.V, Vg=-14V 
Vp=-14V, Vg=+14V 


8 


Input Current 


DG300A-307A Onl 
Input Voltage High bid 


— 


i 
> 


Input Current Input Voltage Low 


Turn-ON Time DG381A-390A 

Turn-OFF Time DG300A-303A Only 

See Switching Time Test Circuit 
Turn ON Time 


Turn OFF Time 


ne Break-Before- es See Break-Before-Make Time 
on "off Make Interval 387A/390A Only Test Circuit 


Charge Injection ie Fah way peed | mv | Roen = 02; Veen = Ove ner athe 


C(oft) Source OFF Capacitance Vg =0, Note 2 


Cp off) Drain OFF Capacitance Vp=0, Note2 | 0, Vp=0, Note2 | 2 


o-Sr2<0O 


ePieait Channel ON Capacitance bagel Vp= = 0, Note2 |f=1MHz 
) 


Cin Input Capacitance 


OIRR OFF lsolation® Vin= 0, R, =1 KQ, 

CCRR Channel to Channel Crosstalk ESPEN Vs=1 Vrms, f= 500 KHz 
ee eS Vin=4V (One input 

s is Fon uy Gro, [OHI 5038 only [o.0 0 

ag eae fw To Le fe ee 
pe at 
C [I+ Positive Supply Current 
Y|i- Negative Supply Current | 


Vin = +15V (All Inputs) 
cane ee Supply Current 
DG304A-307A Only 
Positive I+ Positive Supply Current | Current 


Vin =0 (All Inputs) 


[i- Negative Supply Current | Supply [i- Negative Supply Current | 


NOTES: 
. Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. DG381A ICMJ-C DG300A ICMJ-A DG302A ICMJ-A 
: Vin — input voltage to perform proper function, DG384A ICMJ-A DG301A ICMJ-B DG303A ICMJ-C 


DG300A-303A, DG381A-390A: Vij — For logic ‘1’’=4 V, for logic ‘0’ =0.8V DG387A ICMJ-B DG304A ICMJ-D DG306A ICMJ-D 


DG304A-307A: Vinx) — For logic “1’°=11 V, for logic “0” =3.5 V DG390A ICMJ-C DG305A ICMJ-E DG307A ICMJ-F 
“OFF” isolation = 20 log Vs/Vp, Vg = input to OFF switch, Vp = Output ‘i i s 


4. Signals on Sx, Dx or INx exceeding V+ or V— will be clamped by internal 
diodes. Limit forward diode current to maximum current ratings. 
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CHARGE INJECTION TEST CIRCUIT 


ih 


Vo 
Vo 


C, = 10,000 pF 


I 


AVo 4 MEASURED VOLTAGE ERROR DUE TO CHARGE INJECTION 
THE ERROR VOLTAGE IN COULOMBS IS AQ= Cy; x AVo. 


V+© 
sigh ORBOUREE 
{\ 'e 


CONTROL w 


INO 


GND QO 
/N DRAIN 
O 
V-Q 
SSS 
INPUT PROTECTION LOGIC INTERFACE AND SWITCH DRIVERS ANALOG SWITCH 


TEST CIRCUITS 
BREAK-BEFORE-MAKE TIME TEST CIRCUIT SPDT 
(DG301A, DG303A, DG305A, DG307A, DG384A, DG390A) 


LOGIC “1” = 
SWITCH ON Vines 
LOGIC 


INPUT VINH DG300-303 DG381-DG390 4V 
50% DG304-307 15 Vv SWITCH 
ov Mp UUR FOR RARE erate 


Vs1 


SWITCH | \, Voi. 
OUTPUT 


Vs2 


SWITCH 
OUTPUT 


SWITCHING TIME TEST CIRCUITS (DG300A-307A, DG381A-390A) 


LOGIC “1” =SWITCH ON * 


Vv 
LOGIC +8 
INPUT 50% 
t, < 20 ns 
ee . SWITCH 
OUTPUT 
e 


SWITCH 
OUTPUT 


VINH 
DG300-303 0G381-DG390 4V 
DG304-307 15V 


*INVERTED LOGIC FOR DG381 


Siliconix 


-yieeoa vloeoa-voorod 
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DG308 


Quad Monolithic SPST — 
CMOS Analog Switch _Siliconix_ 


designed for... 


Portable, Battery Instrumentation BENEFITS 
Automotive Applications @ High Speed Switching with 
Computer Peripherals preaks Rata 


O ton = 130 nsec Typical 


Communication Systems © toff = 90 nsec Typical 
Single Supply Operation 


Hgh Speed Multiplexing © 45 V to +30 V 

Low Leakage Switching CMOS Compatible (positive logic) 
Wide Signal Range +15 V 

Sample and Hold Low Standby Power 

Data Acquisition Systems 8 Oe ae 
Minimizes Signal Error 


O rps < 80 Q Typical 
© Ip(off) < 100 pA Typical 


Environmentally Rugged 
O Latchproof CMOS Process 


DESCRIPTION 


The DG308 is a monolithic quad single-pole single-throw analog switch fabricated in complementary MOS technology. 
In the ON condition, each switch will conduct current in either direction and in the OFF condition each switch will block 
voltages up to 30 volts peak to peak. The ON-OFF State of each switch is controlled by a driver. With CMOS logic ‘1’ at 
the input the switch will be ON, with logic ‘0’ at the input the switch will be OFF. 


PIN CONFIGURATION Dual-In-Line Package 


ORDER NUMBER: 
DG308CJ 
SEE PACKAGE 7 


TOP VIEW 


LOGIC | SWITCH 


OFF 
ON 


SWITCH CLOSED FOR LOGIC ‘'1"" INPUT (POSITIVE LOGIC) 


3-90 Siliconix 


ABSOLUTE MAXIMUM RATING 


NIRVEOIOCOUNG co.cc. cece scsscseuesesenae V*+18V,V*t -36V Storage Temperature (C Suffix) ........ —65 to + 125°C 
ION 1 eet ia EN Otel srg heer gh VttoV™ Power Dissipation (Package)* 
MEME ICA fos licSSosccssucssaycavih osecdustotleBussccvuctie +36 V NG. RintelasticiD| | Rawuecetes sess ees cote 470 mW 


eee ee eee eee errr rere eee rere ree er reer rer ey 


Current, Any Terminal (Except S or D) ......... 30 mA *Device mounted with all leads soldered or welded 


Current, S OF D, CONTINUOUS -i......vecucesetecseesees 20 mA to PC board. 
Pulsed 1 ms 10% Duty Cycle... 100 mA 2 
Operating Temperature (C Suffix) 0 to +70°C **Derate 6.5 mW/°C above 25°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
C SUFFIX 


TEST CONDITIONS 
V+=4+15 V 
V-— =-15 V, Gnd=0 V 


CHARACTERISTIC 


Minimum Analog 
VANALOGSignal Handling 


Capability 
Drain Source 7 
‘DS(ON) ON Resistance 
| 
N 
P 
U 
aR 


Switch ON Ig = 10 mA 


Vp = 10 Vile = —1 mA 

ese ONE ar 
eo | 

r= 100 

| 100 | 

| 200 | 

| =200 | 


aes 
aa. 
[eae ihe 100 Vg = +14V, Vp = —14V 
pe Baad @ 100 NS wlGN aN Der ler (Notaal 
eR ie 100 nA tile spiel 
Sener 
blo badd io 5S aad (Note 2) 
foe ied Sc) 
Input Current 
Input alta Low Byes 
| ar ee on et te 
3 


Source OFF 


rare 
Leakage Current| —0.1 iRetice Si: 
ae 
boob 
Eiiad 
pM 


Is(off) 


i F 
ID(o ff) Drain OF 


| Drain ON 
Dion) Leakage Current| —0.1 


Input Current 
Input Voltage High 


+15 
at BO. 
pee ea 
ie 
Leakage Current 
een 


Vin = 15 V 
uA 
Vin=0 V 
oft TUMEOLE Ime | 90.[F bow banw 150. 


N C Drain OFF 
Pict Capacitance 


1 gBienis Channel ON 
a Capacitance 


Vin =0 V, R; = 1K (9: C, =3 pF 
Vs = 70m V rms, f = 500 kHz 


se porary Vin = 15 V or OV 
Pp Negative Supply 
Current 


NOTES: 


1. Typical values are for DESIGN AID ONLY, not guaranteed IVI Vp = Output 
and not subject to production testing. 3. OFF Isolation = 20 10949 — 

2 Vin = Input Voltage to perform proper function IVs] Vg = Input to OFF Switch 
for logic ‘1’ = 11V, for logic ‘0’ = 3.5V 


TYPICAL CHARACTERISTICS Device Power Dissipation 


‘DS (on) vs Vp and TDS (on) vs VD and vs Switching Frequency 
Temperature Power Supply Voltage Single’ Loate input 


Se 
a 


= -18V 


ON (mW) 


S 
mae 
ze 
il a et 
Pare 
Biei 
p= 
i= 

|_| 

| 

| 


ee 
2a 
5= 
or 
no 
Ou 
FO 
22 
ar 
a2 
=f 
Se 
tar 3 
7) 

ae 


"DS (on) DRAIN-TO-SOURCE 
ON-RESISTANCE (OHMS) 


BEB 2e Cp 
ue ABs Ue ac | a 5] 
Eig 
Pg - POWER DISSIPATA\ 


° 
me 


100 1K 10K OOK 1M 


5 10 
: Vp - DRAIN VOLTAGE (VOLTS) LOGIC sigs ag hy FREQUENCY (Hz) 
Vp - DRAIN VOLTAGE (VOLTS) D- ( FIN ACVCLE 
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DG308 


SWITCH 
INPUT 


SWITCH 
OUTPUT 


SWITCHING TIME TEST CIRCUIT 


LOGIC INPUT 
tr < 20ns 
tf < 20ns 


Vink = 15¥ 


Vint = OV 


LOGIC “1"= SWITCH ON 


50% 50% 


| ton 


R 
=Vs5 


TYPICAL CHARACTERISTICS continued 


OFF-lsolation, Insertion Loss 
vs Frequency 


3-92 


OFF ISOLATION (d8) 
ts) 


6 


Vs 
Vp! =, 


Nn 
oO 


\ID(on)i — CHANNEL ON LEAKAGE CURRENT (nA) 


Cin — INPUT CAPACITANCE (pF) 


ton/toff SWITCHING TIME (ns) 


SA 
On 


\Ws(oft)! OR IIp(otf)! — SOURCE OR 
DRAIN OFF LEAKAGE CURRENT (nA) 


(@P) SSO1 NOILYASNI 


f — FREQUENCY (Hz) 


ID(on) YS Temperature” 


Vt=ti5V 
- =-15V 
Vpl=!Vsi = 15 V 


Cp(on) + CS(on) — OUTPUT ON CAPACITANCE (pF) 


T — TEMPERATURE (°C) 


Input Capacitance vs 
Input Voltage 


t — SWITCHING TIME (ns) 


Vin — INPUT VOLTAGE (VOLTS) 


Switching Time 
vs Positive Supply Voltage 


ton/toff — SWITCHING TIME (ns) 


V* — POSITIVE SUPPLY (VOLTS) 


Is(oft) OF ID(off) VS Temperature” 


- 


2 4 
T — TEMPERATURE (°C) 


Ss 7 
aes 
ae 
0.1 d 
5 


Output ON Capacitance 
vs Drain Voltage 


AZ 16 


Mate Paes ths eli 610) 4 8 
Vp — DRAIN VOLTAGE (VOLTS) 


Switching Time 
vs Temperature 


% 5V 
VINH = +15V 
160+ Vint = OV 


=10? O° 10, 20). 30 .40505560/-70 80 
T — TEMPERATURE (°C) 


Switching Time 
vs Negative Supply Voltage 


V — NEGATIVE SUPPLY (VOLTS) 


Siliconix 


SWITCH 


Ry + 'DSion) 


Typical delay, rise, fall, settling times, and 
switching transients in this circuit. 


If RGen Ri or C,_ is increased, there will be 
proportional increases in rise and/or fall RC 
times. Applying VGey to D rather than S 
results in much greater spikes. 


ET (esteteot [J 


sReeceaee 
ee 
seuaaabane 


Pt cet sy ES 


+ 
as 
uw Oo 


Vin — LOGIC INPUT (VOLTS) 


cf] te |e (a 
a 
‘e) 
2 a0 , i 
re 
Q -5 maa 
F 
a 
fe) bind 
Shot Med La Biel 
50 

fot aslect Aiea ae 
a 
5 -S ne (| 
ee 
Sea 
> 


“4 0:8 4-2 16 
t — TIME (us) : 
*Note: the turn-off time is primarily limited here by 
the RC time constant (100ns) of the load. 


*The net leakage into the source or 
drain is the n-channel leakage minus 
the p-channel leakage. This differ- 
ence can be positive, negative, or 
zero depending on the analog volt- 
age and temperature, and will vary 
greatly from unit to unit. 


Input Switching Thresho!d 
vs Postitive Supply Voltage 


8 
_ TET, = 28°C 
APG Mimi) 4 
Zo Ci 
Le Wii / 
jap 
Eg 5 YY 
b tp 2 
aay 
29 
(2 4 
rH 
ew 
se 2 
I= 
1 
0 


V* — POSITIVE SUPPLY (VOLTS) 


s0eoqd 


PARTIAL SCHEMATIC OF TYPICAL SWITCH 


L_g Gael th ee) 


pat eS Ue Ute 


& (hay rN 


Switch closed for Logic ‘1’ Input (VINH) 
Single Supply Operation 


The DG308 will switch positive analog signals while using a single positive supply. This will allow use in many applications where only 
one supply is available. The performance trade-offs while using single supplies are: 1) Increased rpgion); 2) slower switching speed. 
Typical curves for aid in designing with single supplies are supplied in the Figures below. As stated in the absolute maximum ratings 
section of the data sheet, the analog voltage should not go above or below the supply voltages which in single operation are V+ and 
0 volts. 


Single Supply Range: (V— and GND Tied Together) V+: +5 V to +25 V 
Analog Signal Range: V — <Vanatog < V+ 


rDS(on) vs Analog and Witching Timmenveny 
Positive Supply Voltage att 
with V~ = OV — Positive Supply Voltage 
: Va 
ssa oD Se 


Input Switching Threshold 
vs Postitive Supply Voltage 


VtH — INPUT SWITCHING 
THRESHOLD VOLTAGE (VOLTS) 


ao 
= 
= 
ie) 
w 
rs) 
2 
< 
- 
2) 
2) 
w 
c 
z 
ie) 
| 

‘ec 
2 
7) 
fa) 
£ 


ton/toff — SWITCHING TIME (us) 


10 
Va — ANALOG VOLTAGE (VOLTS) V+ — POSITIVE SUPPLY (VOLTS) V* — POSITIVE SUPPLY (VOLTS) 
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DG309 


Quad Monolithic SPST She 
CMOS Analog Switch Siliconix 


BENEFITS 


® @ Environmentally Rugged 
designed for ee @ O 40 V Power Supply Max Rating 


O Static Protected Logic Inputs 


@ Portable, Battery Instrumentation —-®_ {#*hrroof 


@® Minimizes System Power Requirements 


EAS Computer Peripherals O Operates Off Single Supply When V— 
Tied to GND 

Be Communication Systems © Low Quiescent Power <30 uW Typ 

" i @ Fast ton < 200 ns 
@ High Speed Multiplexing toff < 150 ns 

@ Minimizes Signal Error 

= Sample and Hold SA hone! 

. © ID(OFF)<5nA 
i Single or Dual Supply Systems O Full Rail-to-Rail Analog Signal Range 


@ Easily Interfaced 
O CMOS Logic Compatible 
© Available in Normally Open or Normally 
Closed 
® DG201A/DG202 are TTL Input Pin-for- 
Pin Compatible 


DESCRIPTION: 


The DG309 designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 100 ohms contact 
(ON) resistance and very high OFF resistance. True bidirectional switch action occurs over the full analog signal range of 
+15 V, with Break-Before-Make operation to prevent momentary shorting of signal inputs. 


PIN CONFIGURATION FUNCTIONAL DIAGRAM (typical switch) 


Dual-In-Line Package 


eCOcicn SWITCH 


LEVEL 


INx SHIFTER 


LOGIC 
INTERFACE 
TOP VIEW AND Dx 


PROTECTION GND SWITCH 
ORDER NUMBER: CONTACT 


DG309CJ 
See Package 8 


SWITCHES ARE SHOWN IN THE LOGIC “1” INPUT STATE 


3-94 Siliconix 


ABSOLUTE MAXIMUM RATINGS 


Voltages referenced to V- 


Digital inputs4, Vs, Vp . -2 V to (V+ +2 V) or 
20 mA, whichever occurs first. 


Current, Any Terminal 
(Except S or D) 

Current, S or D, Continuous 
Pulsed 1 ms 10% Duty Cycle 


Operating Temperature 
(C Suffix) 

Storage Temperature 
(C Suffix) 

Power Dissipation (Package) * 
16 Pin Plastic DIP** 


0 to +70°C 


-65 to +125°C 


*Device mounted with all leads soldered or 
welded to PC board. 
**Derate 6.5 mW/°C above 25°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. | 


TEST CONDITIONS 
V+=+15 V 
Vs == 165 "VeGnd ="0 'V 


CHARACTERISTIC UNIT 


Minimum Analog 
VANALOGSignal Handling 
Capability 
Vp = 10 Vi Ig =-1mA 
Vp = -10 V,lg =1 mA 
Vg = +14V,Vp = -14V 
Vg = -14V, Vp = +14V 
Vg = -14V, Vp = +14 V 
Vg =+14V Vp =-14V 
Vp = Vg = + 14V 
= Vo = - 14V 


(Note 2) 


4 


S 
W 
| 

+ S(off) 
C 
H 


Source OFF 
Leakage Current 


Drain OFF 
Leakage Current 


Drain ON 
Leakage Current 


(Note 2) 
ID(off) 


ID(on) (Note 2) 


O;CO;N |] Dio] Ri] W]h 


< 
Oo 


Input Current 


ss 
jo) 


INH Vin = 15 V 


Input Voltage High 


| Input Current 
INL Input Voltage Low | — 


ton Turn-ON Time 
loft Turn-OFF Time 


D | Csioff) Source OFF 

/ eee FS decline and 
nic rain 

M 


—s 
— 


Vin =0V 


—_ 
NO 


130 
2 See Switching Time Test Circuit 


= 
fej x | 


—_ | — 
lw 


=0 V, Vin =15V 


— 
o1 


Vp = 0 V, Vin =15 V 


Vp=Vs = OV, Vin = OV 


Cc Cs(on) Capacitance 


: VIN =15V, R; = 1K SE; C, =3 pF 
esos iG saiownonua | | [oats See AUN Uda Rai ak 
fie Positive Supply 0.001 100 
Ss Current 
U me 
Current 
NOTES: Vp 


1. Typical values are for DESIGN AID ONLY, not guaranteed 3. OFF Isolation = 20 10949 — 
and not subject to production testing. Vo 


Vin=15 VorOV 


Vp = Output 
Vs = Input to OFF Switch 


2. Vv = Input Voltage to perform proper function 
for logic ‘1’ = 11V, for logic ‘0’ = 3.5V 


. Signals on Sx, Dx or INx exceeding V+ or V— will be clamped by 
internal diodes. Limit forward diode current to maximum current 
ratings. 


SWITCHING TIME TEST CIRCUIT . 


LOGIC “1"= SWITCH ON 


LOGIC INPUT 
tr < 20ns 


oo SWITCH 


SWITCH 
INPUT 


SWITCH 
OUTPUT 


s——— 
VINH = 15V RL + DS(on) 


Vint = OV 


Siliconix 
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DG5040 DG5045 Series 


Monolithic General i: 2 
Purpose CMOS ma 
Analog Switches 


@ 
designed for... BENEFITS 
a Programmable Gain @ Environmentally Rugged 
O 44V Power Supply Rating 
Amplifiers O Static Protected Logic Inputs 


O Latchproof 


@ Analog Multiplexing © Easily Interfaced 
O TTL and CMOS Compatible without | 
m Servo Control Switching Pull Up Resistors 
\ @ Reduces External Component Requirements 
a Sampled Data Systems O Full Rail to Rail Analog Signal Range 
© No Diode Protection Required Between 
CS Synch ronous Demodulators Vi and V+ for Power Supply Sequencing 


@ Pin for Pin Compatible with 


O 1H5040 Family 
O H1I5040 Family 


DESCRIPTION 


The DG5040 through DG4045 series designed on the Siliconix PLUS-40 CMOS process provides solid state switch action 
with 50 ohms contact resistance and very high OFF resistance. True switch action takes place over the full analog signal 
range of £15 volts, with Break-Before-Make operation to prevent momentary shorting of signal inputs. 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM (typical channel) 


PART NUMBER TYPE 


DG5040 


DG5041 

DG5042 vine 
DG5043 

DG5044 LOGIC 


DG5045 INTERFACE 


3-96 Siliconix 


PIN CONFIGURATIONS 


ALL SWITCHES SHOWN IN 


THE LOGIC “1” FLAT PACK (L) 


SWITCH STATE SEE PACKAGE 5 


SPST 
DG5040 


ORDER 
NUMBER: DG5040AL 


DUAL SPST 
DG5041 


DG5040AK or DG5040CK 


DG5041AL 


SPDT 
DG5042 


ORDER 
NUMBER: DG5042AL 


DG5041AK or DG5041CK 


DG5042AK or DG5042CK 


Siliconix 


CERDIP (K) OR 
PLASTIC (J) 


SEE PACKAGE 8 or 10 


or DG5040CJ 


or DG5041CJ 


10 


eS 


or DG5042CJ 


METAL CAN (A) 
SEE PACKAGE 2 


DG5041AA 


DG5042AA 
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Solo 
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DG5040 DG5045 Series 


PIN CONFIGURATIONS Continued 


ALL SWITCHES SHOWN IN 
THE LOGIC *"1" 
SWITCH STATE 


DUAL SPDT 
DG5043 


FLAT PACK (L) 
SEE PACKAGE 5 


ORDER 
NUMBER: 


DPST 
DG5044 


LOGIC SWITCH 


OFF 
ON 


ORDER 
NUMBER: 


DUAL DPST 
DG5045 


LOGIC SWITCH 


DG5043AL 


DG5044AL 


ORDER 
NUMBER: 


3-98 


DG5045AL 


CERDIP (K) OR 
PLASTIC (J) 
SEE PACKAGE 8 or 10 


METAL CAN (A) 
SEE PACKAGE 2 


(DG191 EQUIVALENT) 


DG5043AK or DG5043CK 
or DG5043CJ 


DG5044AK or DG5044CK 


or DG5044CJ DG5044AA 


(DG185 EQUIVALENT) 


DG5045AK or DG5045CK 
or DG5045CJ 


Siliconix 


ABSOLUTE MAXIMUM RATINGS (Tp = 25° unless otherwise noted) S 
Voltages referenced to V- Operating Temperature (A Suffix) -55 to 125°C Fu 
Wares Gere hal Seber bo ibe, 19, doaaey (C Suffix) 0 to 70°C = 
“ren (GND -0.3 V) to44\V_—~ Power Dissipation” co 
Me ls 25 V Metal:Can and: Plastic DIP oa a asa nies a 450 mw o 
Digital inputs”, ee. eee ee -2 V to (V+ +2 V) or TE Pir DUR TAP RRR Face ieee MGR HE FRAY tein 900 mW 9) 
30 mA, whichever occurs first. Flat Paki" edipoen t BAB MRE re tT, Tee 900 mW wi 

Current, Any Terminal ExceptSorD.......... 30 mA Bee eee: Vie sed ay eee a hoa = 
ConimuouwCercent, 5 OF Daweh ogy. ws le ees 30 mA a eladily Sate echminions wi 
Peak Current, S or D (pulsed at 1 msec, *****Derate 10 mW/°C above 75°C. wr 
ME eINCVCIGIIMNAX) 8. cco aug See Ske a Pete el 100 mA @ 

Storage Temperature (A Suffix) -65 to 150°C a | 
(C Suffix) -~65 to 125°C oO 

re] 


ELECTRICAL CHARACTERISTICS All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC 


parameters and high and low temperature limits to assure conformance with specifications. 


Min. Analog Signal 


ic VANALOG Handling Capability 
2 | f 3 Drain Source 
TEER DS(on) ON Resistance 
S 
(Pea Ww 3 Source OFF 
cei : S(off) Leakage Current 
ae leG Drain OFF 
Ipiot#)? 
2 Leakage Current 
gh | 3 Drain ON 
om D(on) Leakage Current 
ve 3 Input Current, 
N INH Input Voltage High 
U 3 Input Current, 
TY] INL Input Voltage Low 
4 : 
| a2 | i Turn-ON Time 
(RES tort’ Turn-OFF Time 

Source OFF 

ee ~ Cs(off) Capacitance 

N 

A Drain OFF 

| 16 | Mm CDioff) Capacitance 

a c Cp(on) + CSion) Channel ON 
Capacitance 
18 OIRR OFF Isolation 


Interchannel 


Crosstalk 
Isolation 


NOTES: 
1: Vin = Input voltage to perform proper function. 
For Logic 1’ — Vinny = 2.0 V 
For Logic “0” —Viny =0.8V 


2: See Switching Time Test Circuit. 


= 10, F,R = 02, 
N= 


1+3 Positive Supply Current 
| \-3 Negative Supply Current 
3 Logic Supply Current 


IGND Ground Current 


Vi = 5V, GND = OV 


Max Limits Test Conditions 
RIA Staten Ys 7 EDS SENS: Silat nh MENT V+ = 15V, V- = -15V 


a) ee Vp = 10V, I, = ~10 mA 


Vp = —10V, I, = —10 mA 


GS Oe ee Se ee V; = 14V, Vp = —14V 

BADD ed ea ES Vag ev mee av | 
FCC RE RI i Vs = =14V, Vp = 14V 

RS WT BFA PST iced 

PR 8 FR a ea 
(es ate A Tica || 

ei +4 +1 hard +1 +1 VINH = 2.0V 

bata +1 +1 Rea +1 VINL = 0.8V 

| fro fff 20 | | v= sto, a = aKa, 


15 Typical 
17 Typical 
45 Typical 


75 Typical 


cee races ia) aN 


Note 1 


seyrtimMs Bojpuy Pe 


ICMK-—A, B 


3: Limits of these paramaters are tested 100% at 25 °C and 125°C for “/883” 
devices. 


4: For ‘/883’' devices these parameters are 100% tested at 25°C, 


5: Signals on Sx, Dx or INx exceeding V+ or V- will be clamped by internal diodes. 
Limit forward diode current to maximum current ratings. 


Siliconix 3-99 


DG5040 DG5045 Series 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vg may be + or — as per 
switching time test circuit. VQ is the steady state output with switch on. Feedthrough via gate capacitance may result in 


spikes at leading and trailing edge of output waveform. 


LOGIC 


INPUT (INq) 3 


SWITCH 


tr < 20 ns 
OV INPUT s 


tr <20ns 


SWITCH 
inpuT VS 


SWITCH 
OUTPUT 


ton 


Note: Logic input waveform is inverted for switches 
that have the opposite logic sense control. 


CHARGE INJECTION TEST CIRCUIT 


CL = 1000 pF 


if 


AVo A measured voltage error due to charge injection. 
The error voltage’ in coulombs is AQ = Cy x AVo. 


SCHEMATIC DIAGRAM (typical channel) 


vt 
J 


S LOW 


3-100 Siliconix 


SWITCH 
OUTPUT 


(REPEAT TEST FOR IN2) 


Monolithic SPST MOS Switch 
with Driver 
designed TO)... BENEFITS 


@ Reduces External Component Requirements 


wi Switching Analog Signals such as O Internal Zener Diodes Protect All MOS 


Gates 


® 
Reference Signals o Eselly ifterfacea 
O TTL and DTL Integrated Logic 


Ds 


Siliconix 


c00e!S 


DESCRIPTION 


The SI3002 contains two P-channel MOS field-effect transistors designed to function as single-pole double-throw electronic 
switches. A level-shifting driver enables a low-level input (0.8 to 2 V) to control the ON-OFF state of the switches. In the 
ON state, each switch will conduct current equally well in either direction. In the OFF state the switches will block voltages 
up to 20 V peak-to-peak. With logic ‘‘0” at the driver input, a common drain (D) is connected through an ON switch to 
source (S71). With logic “1’’ at the input, ‘‘D’”’ is connected to S2. Switch action is make-before-break. 


PIN CONFIGURATIONS 


Metal Can Package Dual-In-Line Package 


fLosie | swi | sw 


0 ON OFF 
1 OFF | ON 


TOP VIEW 
TOP VIEW 


ORDER NUMBER: Si3002AA ORDER NUMBER: Si3002BP 
SEE PACKAGE 2 SEE PACKAGE 11 


LOGIC STATES ARE FOR LOGIC *'1" INPUT 
(POSITIVE LOGIC) 


SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


‘ 


Operating Temperature (A Suffix) —55 to 125°C 
V+ to Vs or Vp (B Suffix) —20 to 85°C 
V+to VR or VIN Power Dissipation” 
Metal Can** 
14 Pin DIP = . ie ae 
*Device mounted with all leads soldered or welded to PC 


board. 
Current (Any Terminal) **Derate 6 mW/°C above 75°C. 
Storage Temperature ***Derate 11 mW/°C above 75°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 


T NDITIONS, UNLESS NOTED: 
CHARACTERISTIC A SUFFIX B SUFFIX EST £0 


V+=10V, V—=-—20 V, VR =0 


Drain-Source 


"DS(on) i 
ON Resistance VINL = 0.8 V (Sw, ON) 


150 
| 400 | VINH = 2.0 V (Sw2 ON) 
ltl Source OFF -5 
¢ | 'Sloff) Leakage Current 
H Channel ON 
Leakage Current 


5 Vp==-10'V, Is =0 
| Input Current 
4 ‘ Vin =0 (Sw, ON 
. is HNL Input Voltage Low IN Sah 
U 
aT 


'D(on) + '!S(on) 


Input Current, 


NINH Input Voltage High Vin = 5.5 V (Sw2 ON) 


8 
D See Switching Time Test Circuit 
Sly | tott Turn-OFF Time 


Cc Source OFF 
Sloff) Capacitance 

Positive Supply Current 

Negative Supply Current 


Reference Supply 
Current 


Reference Supply 
Current 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vc = constant with logic input waveform as shown. Note that Vs may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


SWITCH 

INPUT SWITCH 
OUTPUT 

ton, Vg = —10 V 

toff. Vs =+10V 
SWITCH 
INPUT 
SWITCH 


OUTPUT 
0 


LOGIC 
INPUT 


Pesan ot 
tort (Sy) 
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TYPICAL CHARACTERISTICS 


'DS(on) YS Vp Supply Current Typical delay, rise, fall, settling times, and 
and Temperature vs Temperature switching transients in this circuit. 


zi 
SSS, 
> ees eal 
sani 
fess icine ae 


i GS Ee Bee Be a ee 
—60-40-20 0 20 40 60 80 100 120 140 
T — TEMPERATURE (°C) 


< 
= 
= 
2 
Ww 
a 
ac 
=) 
oO 
| 


DS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


Vp — DRAIN VOLTAGE (VOLTS) eS, j 
lf RGEN, RL or Cy is increased, there will 


‘ be proportional increases in rise and/or fall 
Switching Time IS(off) eCuimed 
vs Temperature vs Temperature 


Cy = 30 pF 
I 
[A 
. EE a ee 
pe 


ae 


t— TIME (ns) 


ID (off) OR Is (off): (nA) 


toff —10 Ving = 
er fal 


PETTING TTT 
PTT INUIT TTT 


= 


Vin — LOGIC INPUT VOLTAGE (VOLTS) 


0 
—60-—40-20 0 20 40 60 80 100 120 140 
T — TEMPERATURE (°C) 


T — TEMPERATURE (°C) 


Vin Vs lin “OFF” Isolation vs Ry 
and Temperature and Frequency 


Iyy — LOGIC INPUT CURRENT (uA) 
IVinl/ Vy — OFF ISOLATION (dB) 


0.1 


Vo — OUTPUT VOLTAGE (VOLTS) 


f — FREQUENCY (MHz) 
Vin — LOGIC INPUT VOLTAGE (VOLTS) 


“OFF” Isolation Circuit 


V+=+10V . V-=20V 


SIGNAL 
SOURCE 
Z=502 


Va =0V 
; Min 


“OFF” ISOLATION = 20 LOG —!N 
Val 


t— TIME (us) 
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ANALOG MULTIPLEXERS 


Analog a Supply Voltage 
Basic Lint ethie Voltage *BSlon) ine elise s Logic Levels (Vv) 
Part Range (off) me (V) (+) (-) Comments 
Type (Vv) (Q) (nA) (usec) 
No. VINL VINH Sup. Sup. 
(Note 4) (Note 4) (Note 2) V+ v- 
EIGHT CHANNEL MUX + ENABLE 
DG501 PMOS +5 to -5 150-240 8 1.5 0.6 3.5 5 —20 Logic Pullup Resistors 
DG503 PMOS +10 to -—10 150-800 8 1.5 0.6 8.5 10 —20 
DG508A CMOS +10 to — 15 400 10 1.0 0.8 2.4 15 —15 Break-Before-Make 
DG528 CMOS +15 to -—15 400 10 1.0 0.8 2.4 +15 -—15 Latches On Inputs 
SIXTEEN CHANNEL MUX + ENABLE 
DG506A CMOS +15 to - 15 400 10 1.0 0.8 2.4 15 —15 Break-Before-Make 
FOUR CHANNEL DIFFERENTIAL MUX + ENABLE 
DG509A CMOS +15 to —15 400 10 1.0 0.8 2.4 15 —15 Break-Before-Make 
DG529 CMOS +15 to —15 400 10 1.0 0.8 2.4 15 —15 Latches On Inputs 
EIGHT CHANNEL DIFFERENTIAL MUX + ENABLE 
DG507A CMOS +15 to —15 400 5 1.0 0.8 2.4 +15 —15 Break-Before-Make 
Switch Configurations 
Multiplexer Differential Multiplexer 
DIFFERENTIAL 
INPUTS 
10 10 
20 
30 
NA 
OuTPUT 
INPUTS ® O 18 
w_ ne 
Ey iL DECODE LOGIC Ea 
Oa O8 Oc O 
ADORESS 
8-Channel 4-Channel 8-Channel 
NOTES: 


1, The devices shown in boldface are recommended parts for new designs. 

2. The appropriate switching characteristic for multiplexers is trRANSITION, NOt ton, torr: 

3. Vagf=1.5 V is used when supply voitages < + 15 V are used. Not needed when supply voltages of + 15 are used. 
4. 


Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rpg is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more 
detail. Values shown are for temperature suffix A. 
5. Device normally operates with resistor to + 10 V. 


Stresses listed under “Absolute Maximum Ratings” may be applied (one at a time) to devices without resulting in 
permanent damage. This is a stress rating only and not subject to production testing. Exposure to absolute 
maximum rating conditions for extended periods may effect device reliability. 


8-Channel Multiplex Switch S 


with Decode sae 
i f 
designed Ofeeeo BENEFITS 
H H H . @ Reduces Cross-Talk in Systems 
= Multiplexing Signals O Break-Before-Make Switching 
@ Data Acquisition @ Easily Interfaced 
O Pull-Up Resistors on Inputs for TTL 
Compatibility 
DESCRIPTION 


The DG501 is designed to function as a single-pole, 8-position (plus OFF) electronic switch. The function is implemented 
by using eight P-channel MOS field-effect transistors as analog switches. In the ON state, each switch will conduct current 
equally well in either direction and in the OFF state each switch will block voltages up to 10 V peak-to-peak. The ON-OFF 
state of each switch is controlled by drivers, which are in turn controlled by a 3-bit binary word plus an Enable-Inhibit 
input. The truth table shown below indicates the binary word required to select any one of the eight switch positions. Logic 
input levels ““L” and “‘H”’ correspond to positive logic ‘‘0’’ and ‘’1’’. Assuming supply voltages of +5 V and —20 V, logic “’L”’ 
< 0.6 V and logic “H” > 3.5 V. ‘’Pull-up”’ resistors are provided at each logic input to improve TTL compatibility. The rise 
and fall times of the drivers are designed to provide break-before-make switch action. 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 


Dual-In-Line Package 


SIGNAL INPUTS 


TOP VIEW 


ORDER NUMBERS: DG501AP OR DG501BP 
SEE PACKAGE 12 


DG501CJ 
SEE PACKAGE 8 


“Both V+ lines are internally connected, either one 
or both may be used. V+ common to substrate. 


TRUTH TABLE 


LOGIC INPUTS CHANNEL 


°o 
-_ 
Nh 


> 
> 
> 
Ay 


SIGNAL INPUTS 


ONG eo (rec tockoge (cg bake Ingo sie. wf 
ee eck eels) la aloe Coben (a 
S| IR Ba Bees a el ge BN pom eae tp 
(pad ie Bote ee a ea es ee ae 
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DG501 


ABSOLUTE MAXIMUM RATINGS 


—0.3, +30 V 
—0.3, +30.V 
—0.3, +30 V 
+25 V 

30 V 

30 V 

—20 mA 

—65 to 150°C 
-65 to 125°C 


VA, VEn to V— 

Vp or Vs to V— 

Current (Any Terminal) 

Storage Temperature (A & B Suffix) 
(C Suffix) 


ELECTRICAL CHARACTERISTICS 


—55 to 125°C 
0. .qpeteeate, 8b aC 


Power Dissipation* 
16 Pin DIP** 900 mW 


470 mW 


*Device mounted with all leads welded or soldered 


to PC board. 
**Derate 12 mW/°C above 75°C 
***Derate 6.5 mW/°C above 25°C 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


MAX LIMITS 


CHARACTERISTIC 


Drain-Source 
ON Resistance 


Source OFF 
Leakage Current 


Drain OFF 
Leakage Current 


H |'S(off) 


ID (off) 


Channel ON 


+ 
'D(on) * !s(on) Leakage Current 


Input Current, 
Input Voltage Low 


Input Current, 
Input Current High 


NiNL 
‘INH 


ttransition 


12 
13 


Switching Time of 
Multiplexer 


DG501B/C 


a Ee ee 


TEST CONDITIONS, UNLESS NOTED: 
; V- = -20 V, V+ =5V, Ven=3.5V 
85°C/ VaL = 0.6 V, VaH=3.5V 


70°C 


Is == mA, 
V—=-20V 


< 
i) 
| 

oO 


Ig = -100 nA, 
V—=-15V 


See Switching Time Test Cricuit 
Vs1 =11V, Vsg =41 ViVs2-7 = and 


15 


16 Y “ Break-Before-Make 

i open Interval 

171M | ton Turn-ON Time PrEaar 
1 

18] 6 | tof Turn-OFF Time ws 


Source OFF 
19 i 
Capacitance 


: Drain OFF 
20) | Cp (off) Capacitance 


21) S$ | i— Drain Supply Current bg eral) 
U 

22] p | i+ Source Supply Current iver 
i | t 

23 £ | Drain Supply Curren Pree 


24) y | I+ Source Supply Current ape 


Cs (off) 


See Switching Time Test Circuit 
VS (all) =) 


Same as Above, Except V- = -15 V 


Ven = 0.6 V, f = 1 MHz 


3 
> 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


APPLICATION HINTS* 


V+ V- 
Positive Negative 
Supply Supply 
Voltage Voltage 

(V) (V) 


VEN 
Enable Input Logic Input 
Voltage 
Min High/ 
Max Low 


(V) 


3.5/0.6 
3.5/0.6 


VIN Vsor Vp 
Analog 
Signal 
Range 
(Vv) 


Voltage 
ViINH Min/ 
VINL Max 

(V) 


3.5/0.6 
3.5/0.6 


-5 to +5 


-5 to +5 


*Application Hints are for DESIGN AID ONLY, not guaranteed 
and not subject to production testing. 


**Electrical parameters chart based on V+ =5 V, V— = —20 V. 
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TYPICAL CHARACTERISTICS 


DS(on) VS Vp 
and Temperature CD (off): Cs (off) vs Vp 


SS Ee ee OUTPUT 


LosOa 


_LooM 
Cn 


PU TU 
SE REY 


RY | ll 


'ps(on) — DRAIN TO SOURCE 
ON RESISTANCE (OHMS) 


PT 
Mniiill 
C — CAPACITANCE (pF) 


=—O.—47-3'-2 —-1'0 1 2 :3 =5 -4 -3 -2 -1 0 
Vp — DRAIN VOLTAGE (VOLTS) Vp — DRAIN VOLTAGE (VOLTS) 


Vv | / "e lf RGEN, Ri_ or Cy is increased, there will 
'DS(on) Varv'D D(off)/'S(off) be proportional increases in rise and/or fall 
and Temperature Temperature RC times. 


NTI 
mili 


Vin — LOGIC INPUT 
VOLTAGE (VOLTS) 


ON RESISTANCE (OHMS) 


"DS(on) — DRAIN TO SOURCE 
LEAKAGE CURRENT (nA) 


= 
Baa 
| 
aS 
— 
pole 
Ls 
hm 
Ss 
=a 
=a 
aes 
| 


eae 
= 
fea 
Tei 
HA 
a 
ae 
a 
es] 
ee | 


CHAT tt 


ID (oft)/!s(off) - DRAIN AND SOURCE 


Vp — DRAIN VOLTAGE (VOLTS) T — TEMPERATURE (°C) 


Switching Time vs Supply Current vs 
Temperature Temperature 


V+=4+5V 
V—=-20V 
ALL INPUTS = 0 V 


CURRENT (mA) 


t — SWITCHING TIME (us) 


Pte) | (EEE 
iN 


—-55 -35 -15 5 25 45 65 85 105 125 —60—40-20 0 20 40 60 80 100 120 140 
T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


“OFF” Isolation vs Ri 
and Frequency 


Vout — OUTPUT VOLTAGE (VOLTS) 


suoxoajdijny Sojpuy 


OFF ISOLATION (dB) 


t — TIME (us) > 


Pee OVEN Y tHe) “OFF” ISOLATION = 20 LOG YOUT! 
V 


IViny! 
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DG501 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vc = constant with logic input waveform as shown. Note that Vc may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


5V 
INPUT 


tite < 20 ns 


+5 V —20V 


50% 


ton 
1V 


Vsiaut) =t1Y 


OUTPUT 


OUTPUT 
Vg, =-1V 
Vgg =t1V 


Vo 


Vo 


OUTPUT 
Ve, =t1V 
$1 ttransition 


Vg = -1V 


SCHEMATIC DIAGRAM 


Ov 
(NEGATIVE 
SUPPLY) 
ENO 
V+ - 
A20 (SUBSTRATE 
<i] AND POSITIVE 
v, ae Be SUPPLY) 


“e7aL LL ete ae 
: 


Ss; So $3 S4 Ss Se S7 Sg | CHANNEL NO. 
SIGNAL INPUTS 


4 


LOGIC INPUT 


D, 
6 SIGNAL 
© ouTPUT 


Be) 
T 
Fr, 
HR 
iF 
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8-Channel Multiplex Switch 
with Decode 
designed FOF: 6 0 (gh BENEFITS 


psf 


@ Reduces Cross-Talk in Systems 
© Break-Before-Make Switching 


= Multiplexing Signals 
@ Data Acquisition 


DESCRIPTION 


The DG503 is designed to function as a single-pole, 8-position (plus OFF) electronic switch. The function is implemented 


Siliconix 


by using eight P-channel MOS field-effect transistors as analog switches. In the ON state, each switch will conduct current 
equally well in either direction, and in the OFF state each switch will block voltages up to 20 V peak-to-peak. The ON-OFF 
state of each switch is controlled by drivers, which are in turn controlled by a 3-bit binary word plus an Enable-Inhibit 
input. The truth table shown below indicates the binary word required to select any one of the eight switch positions. Logic 
input levels “‘L’’ and ‘‘H’’ correspond to positive logic ‘‘0’’ and ‘’1’’. Assuming supply voltages of 10 and —20 V, logic ‘’L’’ 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 


Dual In-Line Package 


SIGNAL INPUTS 


TOP VIEW 


ORDER NUMBERS: DG5SO03AP OR DG503BP 
SEE PACKAGE 12 


or both may be used. V+ common to substrate. 


TRUTH TABLE 


LOGIC INPUTS CHANNEL 


m 
s 


SIGNAL INPUTS 


<4 Ee A 
Pea eke atten che eke > he 
Sel [es Sites Casa seis a oat rill aera] ig 
Ui Rs SS Soe Se are Se ees Be 


Siliconix 


< 0.6 V and logic “‘H”’ > 8.5 V. The rise and fall times of the drivers are designed to provide break-before-make switch action. 


*Both V+ lines are internally connected, either one 
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DG503 


ABSOLUTE MAXIMUM RATINGS 


Vie ie eg OR Con tain Mati “Adie vd ict iakd —0.37 334 Current (Any Terminal). ti:c «tar. see -20 mA 
WO Vp epre—i crc pinta iia sin diye ebhawa § 0.3, 33 V Storage Temperature (A & B Suffix) ...... -65:to 150°C 
VECO ORANG te Dace atcha ha Rots ee aka =0.3,,33 V Operating Temperature (A Suffix). .......—55 to 125°C 
VV SO Vicon orca e eek netted tor Geen een er +25 V (B Suffix) 22 eee —20 to 85°C 
VAP VER tO ok 8 le ee ee ee 3aV Power Dissipation”... .. . .&o0- ... 900 mW 
NADA OLEY SILO Miss Pence eouiaataie, Ge ney ae ere) SEN! “All leads soldered or welded to PC board. Derate 


12 mW/°C above 75°C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


MAX LIMITS TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC A SUFFIX BSWEEX UNIT V==520' Vi VHF 10M, Veqs 85 
Vp=10V 
Drain-Source Ig =-1 mA 
Vp = 
ON Resistance [| a 


1000 Vp =-10 V Ig =-100uHA ; 


— 
— 
ol 
oO 
— 
oa 
(oe) 


nN 


| Source OFF 
2000 | | -150 | Vg = -10 V, Vp = 
4) 7 |!Sloff) Leakage Current 2000 | | -150 | Sele O10 


O =O06V 
Drain OFF 
; =A i =e = 
Channel ON 

| Input Current, 
7 | Vv =0 

N ae Input Moliage oe a eo 
g : ie Switching Time See Switching Time Test Circuit 

VERSIE of Multiplexer Vs1=21V Vsg=71 V, Vg2_7-= gnd 


oO 


p {ton Turn-ON Time 1.2 | 1.2 Typ" | ale Pee ae 
: See Switching Time Test Circuit 
10l¥ [oon Ta T-OFF Time eee 08 Typ" 08 Tye" a 
N Vs(all) = +1V 


Break-Before-Make 
i m | fopen Myervel ieee ve ua eae ‘a Cie 
Source OFF 
Ti Sai 
sf c Reo Capacitance oe) are EL ene 
Drain OFF 
fe OT 
s ee pe ence aa EE 


14 ; {= Drain Supply Current 


mA 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. IPAA’ 


VEn= 0.5 V, 
f= 1 MHz 


APPLICATION HINTS* 


VEn | VIN 
Enable Input Logic Input 
Voltage Voltage ; 
Min High/ VINHMin/ — Signal 
Max Low Vint Max Range 
(v) (v) a 


V+ V- 
Positive Negative 
Supply Supply 
Voltage Voltage 

(V) (V) 


Vs or Vp 
Analog 


-10 to +10 
-10 to +5 
-5 to +10 
—-5 to +5 


*Application Hints are for DESIGN AID ONLY, not guaranteed 
and not subject to production testing. 


**Electrical parameters chart based on V+ = +10 V, V—=- 20 V. 
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TYPICAL CHARACTERISTICS 


'DS(on) YS Vp 
and Temperature 


ON RESISTANCE (OHMS) 


= ide-bi- be 4s 2) 10) 2). 4.16, 81-10 
Vp — DRAIN VOLTAGE (VOLTS) 


Switching Time vs Vp 


3g 
w 
= 
= 
Oo 
2 
= 
oO 
FE 
= 
wn 
| 
-—10 -8 -6 -4 -2 0 2 4 6 8 10 
Vp — DRAIN VOLTAGE (VOLTS) 
Switching Time vs 
Temperature 
V+=+10V 
V-—=-20V 
Ri = 1K 
a C, = 30 pF 
Vpn =t1V 
Z D 
= 
oO 
< 
x= 
oO 
= 
= 
” 
| 
—60-40-20 0 20 40 60 80 100 120 140 
T — TEMPERATURE (°C) 
“OFF” Isolation vs Ry 
and Frequency 
a 
Ae 
2 
[e) 
Ez 
x 
a 
e) 
2 
aL 
ue 
° 


f — FREQUENCY (Hz) 


ID(oft)/!s(oft) — DRAIN AND SOURCE 


C — CAPACITANCE (pF) 


LEAKAGE CURRENT (nA) 


| — CURRENT (mA) 


0 
—60—40-—20 0 20 40 60 80100 120 140 


Co (off): SS(oft) YS Vb 


OUTPUT 
O 


-10-8 -6 -4-2 0 2 4 6 8 10 
Vp — DRAIN VOLTAGE (VOLTS) 
lf RGEN, Ru or Cy is increased, there will 


ID (oft)/!S(off) vs be proportional increases in rise and/or fall 
Temperature RC times. 


h 


Vin — LOGIC INPUT 
VOLTAGE (VOLTS) 


PUTT CUT ANT NOT 
PT TTI ETAT TNT 


PETIA TTT EET. LUT 
IN 


T — TEMPERATURE (°C) 


Supply Current vs 
Temperature 


T — TEMPERATURE (°C) 


Vout — OUTPUT VOLTAGE (VOLTS) 


6 = t — TIME (us) 
+10 V +10 V 


Wana 
“OFF” ISOLATION = 20LOG —OUT 
Vin! 
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DG503 


SWITCHING TIME TEST CIRCUIT 


OUTPUT 
Vs(att) = +1 


oe a 
Z ttransition 


SCHEMATIC DIAGRAM 


OV= 
(NEGATIVE 
SUPPLY) 


nee 
AND POSITIVE 
SUPPLY) 


LOGIC INPUT 


= 


D, 
SIGNAL 


© ouTPUT 


CHANNEL NO. 
SIGNAL 2 can a 
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Differential 8-Channel / cs 
16-Channel CMOS sianraage Siliconix 


® Environmentally Rugged 
Analog Multiplexer =. 27°" 
@ Easily Interfaced 
e - oO TTL, DTL and CMOS Direct Control 
designed for. ee Over Military Temperature Range 
® Low Stand-By Power 
O 36 mW Typical Stand-By Power 
® Reduces System Cross-Talk 
O Break-Before-Make Switching Action 
@® Reduces External Component Requirements 
O +15 V Analog Signal Range with +15 V 
Supplies 


= Data Acquisition Systems 
g Multiplexing Reference Signals 


= Communication Systems 


DESCRIPTION 


The DG5O6 is a single-pole 16-position (plus OFF) electronic switch array [DG507 is a double-pole 8-position (plus OFF) ] 
which employs 16 pairs of complementary MOS (CMOS) field-effect transistors designed to function as analog switches. 
In the ON condition each switch will conduct current in either direction, and in the OFF condition each switch will block 
voltages up to 30 volts peak-to-peak. The ON-OFF state of each switch is controlled by drivers, which are in turn controlled 
by a 4-bit binary word (DG507 by a 3-bit binary word) input plus an Enable-Inhibit input. The truth table below shows the 
binary word required to select any one of the 16 switch positions, provided a positive logic ‘’1’’ is present at the Enable 
Input. With logic ‘’0’’ at the Enable input all switches will be OFF. The logic decoder and the Enable inputs will recognize 
voltages between 0 and 0.8 V as logic ‘’0” voltages, and voltages between 2.4 and 15 V as logic ‘1’ voltages. The input can 
thus be directly interfaced with TTL, DTL, RTL, CMOS and certain PMOS circuits. Switch action is break-before-make. 

For new designs, use the DG506A and DG507A. 


FUNCTIONAL DIAGRAMS 


16 Channel MUX DG506 8 Channel MUX DG507 
V+ Vv- Gnd Vref* V+ vV- Gnd Vret* 
c hh 27 he hs ih jaz jr hia 
ea aus ae FE 
34°23 Ae sta323 ea a 78D, 
so 24 pAb ms S| got 24 feat 
$6.28 C7 iso | goa. 25| ar . 
$28 ofa tL et oyeibellog 7a° 26] 7. ] 
se: Y¢ MGMT Sipe a Fee eG 
si9- 19 Gamat Sop | 2 es 
on { 4 1 | o i \ pr (me 
siic 8 aca anal Se Se 2 
813° S AME Dae oe bs AE wee ry °Db 
$14--8 el EG ca aed pen ee a ia a 
m5 Al mal | feat (aelsaiaealient | gob Si t 1 ] 
Siete a 
| DG506 CMOS DECODE LOGIC | DG507 CMOS DECODE LOGIC | 
=a 
i iis 16 ‘(\i7 Tia 6 [16 [7 is 
° 
AZ AginwAy “Agi SEp *OPTIONAL (NORMALLY LEFT OPEN) Ar Ai Ao En 


PIN CONFIGURATIONS 
DG506 DG507 ODual-In-Line Package DG507 DG506 


TRUTH TABLE 


TOP VIEW 
*OPTIONAL (NORMALLY LEFT OPEN) 
V+ COMMON TO SUBSTRATE 
ORDER NUMBERS: 
DG5SOGAR OR DGSO6BR DG5O6CJ 
DG507AR OR DG507BR DG507C 
SEE PACKAGE 13 SEE PACKAGE 14 


mee eee KH KH OCC COCOOOO x 


EN Ye) SY (e) AV (eo) = 


Logic “‘O” = Va, < 0.8V, Logic 1" = Vay > 2.4 V, Screen is DG507 
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DG506 DG507 
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ABSOLUTE MAXIMUM RATINGS 


Vin (A, En, or VREF) to Ground 
Vs or Vp to V+ 
Vs or Vp to V— 
V+ to Ground 
V-— to Ground 
Current (Any Terminal, Except S or D) 
Continuous Current, S or D 
Peak Current, S or D 
(Pulsed at 1 msec, 10% Duty Cycle Max) .... 40mA 
Storage Temperature (A & B Suffix) —65 to 150°C 
(C Suffix) —65 to 125°C 


ELECTRICAL CHARACTERISTICS 


-55 to 125°C 
—20 to 85°C 


Operating Temperature (A Suffix)... 
(B.Sutfix:os-. watip apiee 
(C Suffix) 
Power Dissipation (Package) * 
28 Pin DIP** 
28 Pin Plastic DIP*** 


a Wea ie) 


* All leads soldered or welded to PC board. 
**Derate 16 mW/°C above 75°C. 
***Derate 8.3 mW/°C above 25 C. 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


CHARACTERISTIC 


Drain Source 


"DS(on) ON Resistance 


Greatest Change in 
Drain-Source ON 
Resistance Between 
Channels 


ArDS(on) 


Source OFF Leakage 


'S(off) Current 


Drain OFF Leakage 


'D(off) Current 


ID(on) Channel ON Leakage 
(Note 2) Current 


; Address Input Current, 
AH Input Voltage High 


Peak Address 
Input Current 


Address Input Current, 


| 
AL Input Voltage Low 


Switching Time 


t be 
transition oF Multiplexer 


Break-Before-Make 
Interval 


ton(EN) Enable Turn-ON Time 


toff(EN) Enable Turn-OFF Time 


OFF Isolation (Note 3) 


Source OFF 
Capacitance 


topen 


QO-S>2<oO 


Cs (off) 


Drain OFF DG506 


(@} 
D(off) Capacitance DG507 


of Positive Supply Current V+ 
ae Negative Supply Current - 
+ Positive Supply Current + 


+50 


[sia Foose [| 10] -20 | 
fisi4 [ooo [| 0] 0 | 


SERA FPeceS RED FH CT 
Frid Oe a 


A All Va =0 
De a Fe ee 


[= nesatve Suny curve J vf sf af Pest | | [as 


MAX LIMITS ae 


A SUFFIX 


TEST CONDITIONS, UNLESS NOTED: 
V+ = 15 V, V- =—15 V, Ground = 0, Veer = Open 
(Note 4) 


Switch ON Ig = 10 mA 
=10V,lg=—200 uA | Sequence each switch on 


+ 


p =—10 V, Ig =-200 pA VaL=08V,VAH=24V> 
'DS(on) MAX - rps(on) ) 


'DS(on) AVE 


<j< 
0 


500 


ArDS(on) = ( 


~10V <Vg <10V 


+ 
oa 
o 


Vs = 10V, Vp =-10 V 
Vg =-10 V, Vp = 10 V 
Vp = 10 V, Vg = -10 V 
Vp =-10V, Vg=10V 
Vp = 10 V, Vg =-10 V 
Vp =-10 V, Vg = 10 V 
Vs(all) = Vp = 10.V 
Vs(all) = Vp = 710 V 
Vs(all) = Vo = 10 


+300 


ae 
m 
2 
T 

° 


Sequence each switch on 
VaL =908V,VaH = 2.4V 
Vs(all) = Vp =-10 V 

Va =24V 

VA =15V 


w 
o 


e 
50 
300 
300 
[200 
[200 
300) 
300 
200 
200 
30] 


See Curve “Ia vs Va" 


Ven =24V 


< 
m 
2 

co) 


See Figure 1 


See Figure 2 


Ven =9,R_L =1K 2, Cy = 15 pF 
Vg = 7 VRMS, f = 500 KHz 


Ven = 0, f = 140 KHz 


| 
Q 
oOo 


Ven =5V 


DG506 ICXBA. 
DG507 ICXBB 


For V+ =|V—| < 10 V, 1.5 V may be applied to the VrReF terminal. The VRef terminal has Riyy = 45K Q 


(See the applications section.) 


Siliconix 


SCHEMATIC DIAGRAM 


Typical Logic Interface 


V+ [SUBSTRATE] 
(+SUPPLY) 


Typical Switch 


L0s9d 90S9a 


DECODE 
AND 
SWITCH 
DRIVE 


GND Ey’ GND Ve 


(CMOS LEVELS) (—SUPPLY) 
SWITCHING TIME TEST CIRCUIT 


SWITCH OUTPUT 


Db 
(SEE FIG 1) 


SWITCH 


transition 
S1pON 


ie ttransition Vbb 


ton (En) Taras 


Figure 1 


SWITCH OUTPUT 


Vob 
(SEE FIG 2) 


Sap THRU Sg, 


DG507 


LOGIC INPUT 
tr < 20 ns 
tf < 20ns 


0 Figure 2 
APPLICATIONS 


V+ V- 
Positive 


VREF 


Logic Input 
Reference g P 


Voltage 
VINH Min/ Voltage 
VINE Max Range 

(V) (V) 


Negative 

Supply Supply Pin 

Voltage Voltage Connection 
(V) (V) (V) 


Analog 


*Application Hints are for DESIGN AID ONLY, not 
guaranteed and not subject to production testing. 


**Electrical Characteristics chart based on V+ = +15 V, 
V—=-15 w/t Veer = Open. 


—~15.to +15 
-12to +12 *** Operation below +8 V is not recommended. 


-10 to +10 


-8 to +8 
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DG506A DG507A 


16-Channel and sx 


Siliconix 


Dual 8-Channel 
Analog Multiplexers 
designed for oy ers BENEFITS 


ee ede @ Environmentally Rugged 
m Data Acquisition Systems hoy Bower epee 


@ Multiplexing Reference Signals © Static Protected Logie Inputs 
i : O Latchproof 
= Communication Systems © Easily Interfaced 
© TTL Compatible without Pull-Up 
Resistors 
Improved System Accuracy 
O rDS(on) < 40082 
© VERROR = 150 Microvolts at 125°C -- 
= ID(on) X "DS(on) 
© Arps(on) < 6% 
for -10V < VANA <+10V ; 
Pin for Pin Compatible with Intersil 1H6116, 
Harris HI506 and Analog Devices AD7506 


DESCRIPTION 


The DG506A and DG507A designed on the Siliconix PLUS-40 CMOS process provides solid state switch action with 400 
ohms contact (ON) resistance and very high OFF resistance. True bidirectional switch action takes place over the full analog 
signal range of +15 volts, with Break-Before-Make operation to prevent momentary shorting of signal inputs. The DG506A 
provides 16 channel single ended multiplexing and demultiplexing of +15 volt analog signals. The DG507A provides 8 chan- 
nel differential multiplexing and demultiplexing of +15 volt common mode plus differential signals. 


FUNCTIONAL DIAGRAMS 


\ 
| 
| 
! 
| 
| 
i 
| 
! 
| 
! 


| 
| 
| 
| 
] 
\ 
| 
I 
| 
| 
| 
! 
| 
| 
' 
{ 
| 
' 
| 
| 
\ 
| 
I 


| 
| 
| 
| 
! 
! 
! 
! 
| 
! 
| 


DGS506A DG507A 
16 CHANNEL SINGLE ENDED MULTIPLEXER DIFFERENTIAL 8 CHANNEL MULTIPLEXER 
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PIN CONFIGURATIONS 


; Dual-In-Line Package ; Dual-In-Line Package 


Top View Top View 


ORDER NUMBERS: ORDER NUMBERS: 
DG506AAR OR DG5S06ABR DG507AAR OR DG507ABR 
SEE PACKAGE 13 SEE PACKAGE 13 


DG506ACJ DG507ACJ 
SEE PACKAGE 14 SEE PACKAGE 14 
TRUTH TABLES 


DG506A DG507A 


ON ON 
A3 Az A, Ao En SWITCH Ag A, Ao E, SWITCH 


=-]=32-2-44-4-4000Z0000Ox 
--++-0000---=-aq000 x 
--00-+-00--00-=00 xX 
-O0-0-0-0-0-0-0-0%x 
SSE en 65 25 ey 2h en SS SS Site: 
----0000x 
--00--00~x 
=0Oo-0-0-0x 
ey ak ok os ed a sp a! 
ONONOORWHD = 


Logic 0" = Va, <0.8V, Logic "1" = Vay >2.4V 
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DG506A DG507A 


ABSOLUTE MAXIMUM RATINGS 


Voltages referenced to V- 


20 mA, whichever occurs first. 
Current (Any Terminal, Except S or D) 
Continuous Current, S or D 
Peak Current, S or D 
(Pulsed at 1 msec, 10% Duty Cycle Max) 
Storage Temperature (A & B Suffix) 
(C Suffix) 


—65 to 150°C 
-65 to 125°C 


ELECTRICAL CHARACTERISTICS 


—55 to 125°C 
—20 to 85°C 


Operating Temperature (A Suffix) 
(B Suffix) 
(C Suffix) 
Power Dissipation (Package) * 
28 Pin DIP** 
28 Pin Plastic DIP* ** 


1200 mW 


* All leads soldered or welded to PC board. 
**Derate 16 mW/°C above 75°C. 
***Derate 8.3 mW/°C above 25 C. 


All DC parameters are 100% tested at 25 C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


MEASURED | TESTS 
CHARACTERISTIC TERMINAL TYP 


“sae LIMITS 


+20! 85/ 
25°C 38° | 25°C Fare [are [aro 2a | 


TEST CONDITIONS, UNLESS NOTED: 
V+ =15 V, V— =-—15 V, Ground = 0, 
(Note 4) 


B/C SUFFIX UNIT 


Mininuny Analog Signal 


Drain Source 


ON Resistance StoD 


DS(on) 


Greatest Change in Drain- 
Source ON Resistance 
Between Channels 


ArDS(on) 


Source OFF Leakage 


'S(off) Current 


0. | 0.020 | 
DG506A 


DG507A 


DG506A 


Drain OFF Leakage 


'D(off) Current 


ee 


Channel ON Leakage 


| 2 
Dion) Current 


DG507A 


Address Input Current, 
Input Voltage High 


Address Input Current, 
‘Input Voltage Low 


Switching Time of Multiplexer 
topen Break-Before-Make Interval 
ton(EN) Enable Turn-ON Time 


Enable Turn-OFF Time 


y 
Toff(EN) 


OIRR OFF Isolation (Note 3) 


Source OFF Capacitance 


DG506A 
DG507A 
eae TRI ra 
P 


Cs (off) 


Drain OFF 
Capacitance 


I- Negative Supply Current 


| ae | 
Fafa 


peat 4rps(on) = 
o 
10V< Ser sees 10V 


cd ed EE) 
J ete ET 


se | ef 
[eon [= [eae [oe fie) 
ae 206 aaa aan ae 
6 [_ om | [ae [oace [ [0 [ar0 
[Fire [00 | Fe 
reais [| ss [200 [| [00 
eae ay (en ane 
eg es a eee 
rer [eow [| wef sof [vo] | 
me 


Vp = 10 V, Ig = —200 nA pipet each switch on 
VAL = 0.8 V, VAH = 2.4V 


Vp =—10V, Vp = -10V, 1s = —200 HA | VEN = 2.4 V 
(Seige Cae — DS(on) Mss ue vasa lS) 


'DS(on) AVE 


lVg=10V,Vp=-10V | Vp =-10V 


Vs =—10V, Vp = 10V 
Vp =10V, Vg =—10 V 
Vp =—10 V, Vg = 10 V 
Vp =10V,Vs=-—10V 
Vp =-10 V, Vg = 10 V 
Vs(all) = VD = 10 V 2 
Vs(all) = Vp = -10 V Sequence each switch on 
VAL =9.8V,VaAH=2.4V 
Vs(all) = Vp = 10 V Ven =2.4V 
Vs(all) + Vb = —10 V 


VA=24V 


[200 |_| =z [0 


Va=15V 


VEN = 2.4 V 
Ven =0 


See Figure 1 


ie op 1 a a 
ER NS i | 


See Figure 2 


Ven =0, RL =1K 9, CL = 15 pF, Vg = 7 VRMS,: 
f = 500 KHz 


Vs=0 


f° 45 | te pe VEN = 0, f = 140 KHz 
eT ee : 


mA |V =OVor5V All V 0 
Heer et hae es 


DG506A 
DG507A 


ICMH-A 
ICMH-B 


Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


ID(on) is leakage from driver into ‘‘ON” switch. 
Vv 


OFF position = 20 log re 
iS) 


, Vs = input to "OFF" switch, Vp = output due to Vs, 


Functional operation is possible for supply voltages less than 15 V, but the input logic threshold will 


shift. 


Signals on Sx, Dx or INx exceeding V+ or V- will be clamped by internal diodes. Limit forward 


diode current to maximum current ratings. 
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Siliconix 


SWITCHING TIME TEST CIRCUIT 


LOGIC INPUT 3V 
t, < 20 ns 50% 


te < 20 ns 
0 
So THRU SJ 


DG506A 


Vs1 
0.8 Vgy 


vZosOqa v90Ss90qd 


SWITCH OUTPUT 
Vo 
(SEE FIG. 1) 
TRANSITION 
TIME 0.8 Veg 


Vs 
ttransition >| 
S10N 


ttrangition 


— loft (En) 
) 

0.1 Vo- 

V+ 


SWITCH OUTPUT 
DG507A Sib a 


vo 


Sy, THRU (SEE FIG. 2) 
Time lo9 


S4a: Da, 
Sop, AND S3, 


| Sab 


SWITCH 


‘ Vo 
SWITCH 
OUTPUT 
‘ Vo 
(SEE FIG. 3) 


OPEN TIME 


(B.B.M. INTERVAL) 


s 1 


| DG506A 
Sy THRU S, 


ALL S AND Da 


DG506A 
DG507A 


siexajdiinyw 6Bojpuy 


SWITCH 
Ao Ai A2 A3 © OUTPUT 
GND Vo 


35 pF 


Figure 2(b) 
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SCHEMATIC DIAGRAM 


is 
aoa 


DECODER 
GND O 
Ax U 
OR 
EN 
LOGIC 
INPUT 
v- 
LOGIC INTERFACE TYPICAL 
AND LEVEL SWITCH 
SHIFTER 
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Ds 


Siliconix 


8-Channel /4-Channel 
Differential CMOS pn cei 


Oo TTL, DTL and CMOS Direct Control 


| M i | i n 
A + r Over Mil Tem R 
na Og a ip ene ver Military Temperature Range 


Low Stand-By Power 


O 36 mW Typical Stand-By Power 


design ed for. ® @ @ Reduces System Cross-Talk 


O Break-Before-Make Switching Action 


@ @, @ 
ey Data Acquisition Systems @ Reduces External Component Requirements 
O +15 V Analog Signal Range with +15 V 
mg Multiplexing Reference Signals Supplies 
@® Environmentally Rugged 
gs Communication Systems © Latch-proof CMOS 


DESCRIPTION 
The DG508 is a single-pote 8-position (plus OFF) electronic switch array [DG509 double-pole, 4-position (plus OF F)], which 
employs 8 pairs of complementary MOS (CMOS) field-effect transistors designed to function as analog switches. In the ON 
condition each switch will conduct current in either direction, and in the OFF position each switch will block voltages up to 
30 V peak-to-peak. The ON-OFF state of each switch is controlled by drivers, which are in turn controlled by a 3-bit binary 
word input plus an Enable-Inhibit input. The truth table below shows the binary word required to select any one of the8 
switch positions, provided a positive logic ‘’1"’ is present at the Enable Input. With logic ‘’0”’ at the Enable input all switches 
will be OFF. The logic decoder and the Enable inputs will recognize as logic ‘‘0’’ any voltage between O and 0.8 V, and any 
voltage between 2.4 and 15 V as logic ‘1”’ inputs. The inputs can thus be directly interfaced with TTL, DTL, RTL, CMOS 
and certain PMOS circuits. Delays are designed into logic decode and driver circuits to insure that switch action is break- 
before-make. For new designs, use DG508A and DG5O9A. 


DECODE TRUTH TABLE 


PIN CONFIGURATIONS 
Flat Package Flat Package 


Logic ‘1’ = 
VAH 2 2.4 V 
Logic ‘‘0" = 

VAL < 0.8 V 


w2ssc000x 2 


TOP VIEW TOP VIEW 


FUNCTIONAL DIAGRAM ORDER NUMBER: ORDER NUMBER: 
yet ec DG508AL DG509AL 
SEE PACKAGE 17 SEE PACKAGE 17 


*Common to Substrate and Base of Package 


Dual-In-Line Package Dual-in-Line Package 


FUNCTIONAL DIAGRAM DG509 
V+ 


v= 


TOP VIEW TOP VIEW 


V+ COMMON TO SUBSTRATE 


ORDER NUMBERS: ORDER NUMBERS: 
DG508AP OR DG5S08BP DG509AP OR DG509BP 
SEE PACKAGE 12 SEE PACKAGE 12 
DG508CJ DG509CJ 


SEE PACKAGE 8 SEE PACKAGE 8 
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DG508 DG509 


ABSOLUTE MAXIMUM RATINGS 


Vin (A,.EN) to Ground 
Vier Offi OE Vi aeenien len 


VGIOn NV [i tOsN ane nd ee 
V+ ta Grovinw@enG GOMou bos JTS 
V—to Ground. 


Current (Any Terminal, Exeait S or D) 
Continuous Current, S or D 
Peak Current, S or D 

(Pulsed at 1 msec, 10% Duty Cycle Max) 
(A Suffix). 
(B Suffix) . 
(CoSUTLIX}.ae eee 


ELECTRICAL CHARACTERISTICS 


Operating Temperature 


All DC parameters are 100% tested at 25°C. 


to assure conformance with specifications. 


CHARACTERISTIC 


Minimum Analog Signal 
1 VANALOG Handling Capability 
Drain-Source 


D 
ON Resistance se 


DS(on) 


Greatest Change in Drain 


rae 


Cn 
a 
Bes 


-0.3 V, V+ Storage Temperature (A & B Suffix) . . -65to 150°C 
. 0,-32V (C Suffix) -65 to 125°C 
0,32 V Power Dissipation (Package) * 
16V 16 Pin BIP** ow wet ek me ee en 
-16 V 16 Pin Plastic DIP* ** fh . BS Baz OoW 
30 mA Flat Package” ~~” 750 mw 
20 mA . 
* All leads soldered or welded to PC board. 
40 mA **Derate 12 mW/°C above 75 C 
- —99 to 126°C ***Derate 6.3 mW/°C above 25 C 
ROO ae, ****Derate 10 mW/°C above 75°C 
Oto70C 


Lots are sample-tested for AC parameters and high and low temperature limits 


MAX LIMITS 
TYPt Ba TEST CONDITIONS, UNLESS NOTED: 
25°C waa Ga lal B/C SUFFIXES U V+=15 V, V—= 15 V, Ground = 0 


Switch ON Ig = 10 mA 


270 | Vp =10V,1g=-200nA | 


Sequence each switch on 
| Vp = -10V, Is = -200 nA | =-10V, | Vp = -10V, Is = -200 nA | Vat =0-8V,VaH=2.4V 


(age MAX - DS(on) 4 
Sion) AVE 


ArpS(on) = 


(x 
= 


4 ArpSion) Source ON Resistance 
Between Channels 10 Vi< <10V 
S 
" Ss 
DADS vcore “Sa GEC Go 
u 


18 | Address Input Current 
19 AL Input Voltage Low 


Ran za 


i 
oO 
OQ 
oO 
NO 

! 
i=) 


VEN = 24V 
Ven = 0 


All Va =0 


Switching Time of : 
20 transition Multiplexer See Figure 1 
2 : Break-Before-Make 0.2 
open Interval : Us 
22 ton (EN) Enable Turn-ON Time 1.0 
See Figure 2 


tof (EN) Enable Turn-OFF Time 


D 
yj 
N 
A 
| 
Cc 


Source OFF 
C 
eo) Sloff) Capacitance ® 
26 C Drain OFF DG508 Rani 
Pa) D{off) Capacitance DG509 Le 3 


sp 
“zo] Sete | nei com GREE 
20]? [te sundby yy Postive Suny Curent [ve 
Y]| |— Standby Negative Supply Current 


<> 


o 
i 


Ven =0;-Ryp =k &, €'= 15 pF 
io f = 500 kHz 


< 
m 
z. 
ms 
= 
I 
= 
p= 
[o) 
a 
EE 
N 


Ven=5V 


rset — pao] — i 
2) el a REG 
[2a Ee 


All Va = 0 


Ven =0 


! ' 
Soflofoatatrnia oO 


ICXG-A DG508 
ICXG-B DG509 


t Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


“I D(on) is leakage from driver into “ON” switch 
IVpl 


“OFF isolat 2 201 
isolation °9 VI i 
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= input to “OFF” switch, Vp = output due to Vs. 


Siliconix 


TYPICAL CHARACTERISTICS Typical delay, rise, fall, settling times, and 


DS(on) VS Vp and switching transients in this circuit (similar cir- 
'DS(on) VS Vp and Temperature Power Supply Voltage cuit for DG509). 


fer, 
Fe i 
(vl) a 
i 
a 
eee tt 
eetiae Tk 


RESISTANCE (OHMS) 


'DS(on) — DRAIN-SOURCE ON 
RESISTANCE (OHMS) 


rDS(on) — DRAIN-SOURCE ON 


LIVIA VY 


.) Cok TE a a ee Tee ea Oe Weg 8 VaVers 28 
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 
Vp — DRAIN VOLTAGE (VOLTS) Vp — DRAIN VOLTAGE (VOLTS) 


Logic Threshold vs 
Power Supply Voltage IS(off) vs Temperature 
1 


If RGEN- Rs, or Cy is increased, there will be 
proportional increases in rise and/or fall RC 
times. 


> 


sor 


: ° 


——— ~ WS 
SEN CN 


Lo 


65 105 125 


Vin — INPUT LOGIC THRESHOLD (VOLTS) 


+8 +10 


\Is(off)| - SOURCE OFF LEAKAGE CURRENT (nA) 


V+ AND V— POWER SUPPLY VOLTAGE (VOLTS) T — TEMPERATURE (°C) 
lA vs VA 
(Terminals Ao, Ay, Ag, EN) ID(off) and | Dion) vs Temperature * 
Vv 15V 
a= 
lah 


Vin — LOGIC INPUT VOLTAGE (VOLTS) 


pi — 
cine eee Ia 
PRE Ee ESE 


(eet Liss eae he eee 
Boa ER i 
OE es a Pe ee 
ie RE as ee 
CE eS a a 
Power Supply Current eee ee ee 


OFF Isolation vs Frequency vs Temperature 


CURRENT (nA) 


HN tht 


il 
> 
443% 


WAN 

Roa 

RSS SSSVG SSS 
SXSSASKSSSYA 


eas aasoae 


N\SNASANS 


Vin — LOGIC INPUT VOLTAGE (VOLTS) T — TEMPERATURE (°C) 


yy — LOGIC INPUT CURRENT (uA) 


IID (off)! OR iIp(on)| — DRAIN ON LEAKAGE 


Vout — OUTPUT VOLTAGE 


Lae = 10 meant 


OFF ISOLATION (dB) 


IVs\ _ 
IVpI 
14 or [lg] - SUPPLY CURRENT (mA) 


«| Ere= ER ee eae oe 
: Pecr eet 
-55 -35 -15 5 25 45 65 85 105 125 


f — FREQUENCY (Hz) T — TEMPERATURE (°C) 
t — TIME (uSec) 
*The net leakage into the source or drain is the n-channel leakage minus the p-channel 
leakage. This difference can be positive, negative, or zero depending on the analog 
voltage and temperature, and will vary greatly from unit to unit. 
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DG508 DG509 


SCHEMATIC DIAGRAM 


Typical Logic Interface 


V+ (SUBSTRATE) 
(+ SUPPLY) 


DECODE 
AND 
SWITCH 

DRIVE 


Ey’ GND v- 
(CMOS LEVELS) (— SUPPLY) 


SWITCHING TIME TEST CIRCUIT 


Vs1 
0.8 Vs1 


SWITCH OUTPUT 
VD 
(SEE FIG 1) 


ttransition =| —- t=*— ttransition 
S1 ON 


— =| ton (En) 


SWITCH OUTPUT 
Vb 
(SEE FIG 2) 


Figure 1(b) 


LOGIC INPUT 
tr: 20ns 
tf: 20ns 


4-20 Siliconix 


Typical Switch 


SWITCH 


SWITCH 


Vob 
35 pF 


APPLICATIONS ; Application Hints* 
V+ vV- VIN 
ye ) Logic Input 
Positive Negative Vol reer 
Supply. Supply bth at | nalog *Application Hints are for DESIGN AID ONLY, not 
Voltage Voltage VinH Min/ Voltage guaranteed and not subject to production testing. 
(v) (Vv) VINL Max Range 
ty? My **Electrical Characteristics chart based on V+ = +15 V, 
-15 to +15 Vie toi 
-12 to +12 ***QOperation below +8 V is not recommended due to the 
shift in VIN (MAX): 


-10 to +10 


-8 to +8 


Logic Inputs 


Logic input circuitry protects the input MOS gate from static transients. A series MOS device shuts off when V|\y exceeds 


the positive power supply. Negative transients are clamped to ground by a diode clamp. 


The input voltage characteristics have a current spike occurring at the transition voltage when the logic goes from ViNH 
to ViINL. If a series resistor is used for additional static protection, it should be limited to less than 9.1K (2 to insure 


switching with worst case current spikes. 


Truth Table 


MUX 
SEQUENCE 
RATE 


DG508 SWITCH PAIR STATES 
(- DENOTES OFF) 
$1 $2 $3 $4 S35) S6 S7 $8 


MUX INPUTS 


ENABLE 


Ag Ay Ag 


4 pulses 


5 pulses 
6 pulses 
7 pulses 


8 pulses 


Differential 4 Channel Sequential Mux/Demux. 


+15 V -15V 
O 


DIFFERENTIAL 


ANALOG ANALOG 


State! Sh BALCG INPUTS OUTPUTS 
INPUT © OUTPUT (OUTPUTS) (INPUTS) 
(OUTPUTS) (INPUTS) 


1/2 MM74C73 
CLOCK 


1/2 MM74C73 
CLOCK 


CLEAR GND 


(MUX ON-OFF CONTROL) 
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8-Channel/Dual c:2 
4-Channel CMOS Ce cseris spate 


@ Easily Interfaced 


An  @ | | Og Mu iti p | exer © TTL, DTL and CMOS Direct Control 


Over Military Temperature Range 


@ Low Power 


design ed for. os © 30 mW Typical Quiescent Power 


@ Reduces System Cross-Talk 
O Break-Before-Make Switching Action 


re Data Acquisition Systems ®@ Environmentally Rugged 
O Latchproof PLUS-40 CMOS 


O 44V Power Supply Maximum Rating 
O Static Protection Circuitry on all Inputs 


a Multiplexing Reference Signals 


u Communication Systems 


DESCRIPTION 

The DG508A a single ended 8 channel analog multiplexer connects 1 of 8 inputs to a common output decoded from 3 binary 
inputs (Ag, Ay, Ad). 

The DG509A a differential input 4 channel analog multiplexer connects 1 of 4 differential inputs to a common differential 
output decoded from 2 binary inputs (Ao, A,). In the ON state each switch conducts current in either direction, and in the 
OFF state blocks voltage up to the power supply rails, generally 30 volts peak-to-peak. Bidirectional current switching also 
insures equal operation as a demultiplexer. An enable (es) input provides a package select function. All control inputs 
address (A,) and enable (E,) are TTL or CMOS compatible over the full operating temperature range of the product. The 
multiplexers operate in a Break-Before-Make (BBM) switch action between any two decoded switch selections protecting 
against momentary shorting of the input transducers. Additionally BBM action occurs between package selection. See the 
DG528 and DG529 for the same function plus latches on the Ao, Ay. Ao, E., inputs. 


FUNCTIONAL DIAGRAMS 


DG508A CMOS 
DECODE LOGIC 


A2 Aj Ao En 
DG508A DG509A 
8 Channel Single Ended Differential 4 Channel 
Multiplexer Multiplexer 


Siliconix 4-25 


vW60s9a vs0s9a 


suexajdipinyw Bojpuy = 


DG508A DG509A 


PIN CONFIGURATIONS 


Flat Package .Flat Package 


TOP VIEW TOP VIEW 


ORDER NUMBER: ORDER NUMBER: 
DGSO8AAL DG509AAL 
SEE PACKAGE 17 SEE PACKAGE 17 


*Common to Substrate and Base of Package 


Dual-In-Line Package Dual-In-Line Package 


TOP VIEW TOP VIEW 
V+ COMMON TO SUBSTRATE V+ COMMON TO SUBSTRATE 


ORDER NUMBERS: ORDER NUMBERS: 
DG508AAK, DG508ABK or DG508ACK DG509AAK, DG509ABK or DGSO9ACK 


SEE PACKAGE 10 SEE PACKAGE 10 
DG508ACJ DG509ACJ 
SEE PACKAGE 8 SEE PACKAGE 8 


TRUTH TABLES 


DG508A DG509A 


ON 
SWITCH 


» 
2 


= = =@ = ©oooeocs7d x 
= ={=2@ 0o oe-Fr 00 xX 
= OoO- of 0 0 XX 
2. 2 = = = «= = = © 
On owt WN = 


Logic “0” = V a, < 0.8V, Logic "1" = Vay > 2.4V 
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ABSOLUTE MAXIMUM RATINGS 


Voltages referenced to V- Storage Temperature (A & B Suffix) . . -65 to 150°C 
We Suffixd yc) GS we1 26°C 
Power Dissipation (Package) * 


16 Pin. DIP Ne Beret erOr AS eee “O00 mW 
20 mA, whichever occurs first. te Bin Plastic DIPpee se ee Pay ay 


750 mW 


KKH 


Current (Any Terminal, ExceptSorD) . . . 30mA Flat Package 


Continuous Current,SorD . . Bais 20 mA *All leads soldered or welded to PC board. 


Peak Current, S or D **Derate 12 mW/°C above 75°C 
(Pulsed at 1 msec, 10% Duty Cycle Max) . . 40 mA ***Derate 6.3 mW/*C above 25°C 


vw60Ss9d vs0soa 


Operating Temperature (A Suffix). . . .—-55 to 1250 ****Dorate 10 mW CAbOve 75°C 
(SSuttiee See to185,C 
(C'Suthx) Bevan | ee LOsto1Z0° C 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 


\ [oA SURFIX. 
CHARACTERISTIC ye 


v Minimum Analog Signal 

ANALOG Handling Capability 
P Drain-Source eb 
DS(on) ON-Resistance 


Greatest Change in Drain 
Arps(on) Source ON Resistance 
Between Channels 


TEST CONDITIONS, UNLESS NOTED: 
V+ =15 V, V— = 15 V, Ground = 0 


Vp = 10 V, Ig = —200 uA Sequence each switch on 
Vp =-10V,1g=—200uA | VAL = 0.8 V, Van = 2.4 V 


'DS(on) MAX — rps(on) ) 


'DS(on) AVE 


N 

a 

io) 
Cc 


~~ 


+ 
=< 
oO 
I+ 


15 


50 


4rDS(on) = ( 


Vs =10V,Vp=-10V 
Vs =-10V,Vp=10V 
Vp = f10IMIVs = 10. 

Ven =0 
Vp = —-10V, Vg = 10 V 
Nipi= 1OME Vs = —10)V. 
Vp=-10V,Vs=10V 


Vs(ail) = Vp = 10 V 


Source OFF 


'S(off) Leakage Current 


+ L 
NR do i+ oa 
o;}u ao oO 
1 i+ a] oa 

a j=) 

fo) (=) 


o 
oO 
oo 
i+ + + I+ I+ 
N N N NO N 
oO o oO oO 
+ t+ i+ + + + i+ + 
= =!" iS) = = N iS) + 
o;o Ono OuOn.OnOr an 
o};o;o Ou OneOol- Oe 
fecal _ RigSei:.. Ss See : Sees 


-10V<Vg<10V 
DG508A 


Drain OFF 


ID(off) Leakage 
Current 


Drain ON 
ID(on)2 Leakage 
Current 


Vs(all) = Vo = -10 V Sequence each switch on 


Vsiail) = Vp = 10 V VAL = 9.8 V, VaH = 2.4 V 


Vs(all) = VoD =—-10V 


' Address Input Current, (4) 3 . 
Ar Input Voltage High Pig) eae 
j Address Input Current (3) 2 002 
AL Input Voltage Low 


Switching Time of 
Multiplexer 


Va=24V 


Ww 


Va=15V 


4 
S 


Ae PS Eee ee ee ‘ 8 
~N Ww ~ w nN oa nN nN 


& 
° 


Ven=2.4V 
All Va =0 


See Figure 1 
See Figure 3 
us 


See Figure 2 


Ven =0, RL =1K 2, Cu =15 pF 
Vg = 7 VRMS, f = 500 kHz 


| 
Ww 
oO 


< 
m 
2 

° 


transition 


2 Break-Before-Make 
oben Interval 


ton(EN) Enable Turn-ON Time foes ee 


oO 


D 
v 

e n 

a |toff(EN) Enable Turn-OFF Time 

M 


< 
7) 
° 


Ven = 0, f = 140 kHz 


< 
Oo 
" 

oO 


CD (off) 


nN 


ssaxajdipiny Bojpuy 


All Va = 0, or 2.4 V 


x N 
BS h 


1 [OIRR OFF Isolation (Note 3) 
Cc 
Cs(off) Source OFF Capacitance Ss 

S |i+ Positive Supply Current 

U 

p |l- Negative Supply Current 

f 1+ Standby Positive Supply Current 

Y ||—Standby Negative Supply Current 
NOTES: ICMG-A DG508A 

. Typical Values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. ICMG-B DG509A 

- !D(on) is leakage from driver into “ON” switch, 
IVsl 
. OFF isolation = 26 log —— , Vg = input to “OFF” switch, Vp = output due to Vs. 
Vp 


. Signals on Sx, Dx or INx exceeding V+ or V— will be clamped by internal diodes. Limit forward 
diode current to maximum current ratings. 
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SWITCHING TIME TEST CIRCUIT 
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DG508A 


S2 
DG508A THRU 


$1 THRU 
Saar Da, 
Sab: $3b S4b 


DG509A 


Figure 2(b) 


SWITCH 


Vb 


SWITCH 


Vbb 


SWITCH 
O OUTPUT 


Vob 


Siliconix 


LOGIC INPUT 
< <20ns 


te < 20 ns 


0.8 Vgq 


SWITCH OUTPUT 
Vb 
(SEE FIG. 1) 
TRANSITION 
TIME 0.8 Vog 
Vs 
transition 


$1 ON 


0.1 Vof- 


SWITCH OUTPUT 
Vo 
(SEE FIG. 2) 
ENABLE tigny)/t(oFF) 
TIME 


0.9 Vo 
Vor 
Vs 7 


SWITCH Vs 


OUTPUT 
50% 


Vv 
(SEE Ho. 3) 
OPEN TIME ov 


(B.B.M. INTERVAL) 


ALL S AND D, 


DG508A 
DG509A 


Ag, Ax, (Ag) D,,D 
GND We 


Figure 3 


= esas 
transition 


= toff (En) 


8-Channel and Ss 


Dual 4 Channel BENEFITS Siliconix 


@ Microprocessor Bus Compatible 


Latchable Mu Itiplexe rs : Biigghntiar st WRITE Pulse Width 


e 4 @® Environmentally Rugged 
designed for ee e@ O 44V Power Supply Rating 


O Static Protected Logic Inputs 


@ Data Acquisition Systems © Latch-Proof 


° e ® Easily Interfaced 
Fa Automatic Test Equipment O TTL Compatible Without Pullup Resistors 


= Communication Systems VINH = 2.4V 


; @ Improved System Accuracy 
@ Microprocessor Controlled Systems = ¢ 195,54) <4000 
O° Verror = 80 pV Max.at 125° C 
= ID(on) % "DS(on) 


fe) Ar DS(on) Channel to Channel is Less 
DESCRIPTION Than 6% 


The DG528 and DG529 designed on the Siliconix PLUS-40 CMOS Process provides solid state switch action with 400 
ohms contact (ON) resistance and very high OFF resistance. True bidirectional switch action takes place over the full analog 
signal range of +15 volts, with break-before-make operation to prevent momentary shorting of signal inputs. The DG528 
provides 8-channel single-ended multiplexing and demultiplexing of +15 volt analog signals. The DG529 provides 4-channel 
differential multiplexing and demultiplexing of +15 volt common mode plus differential mode signals. 


Four input latches on the binary coded switch-state inputs (Ag, A1, A2, En) result in microprocessor bus compatibility. 
Two control lines, WR and RS, store or clear the the switch-state input (Ag, Aq, A2, En) latches. Programming the enable 
input (Ep) latch with a logic zero turns all analog switches OFF. The direct chip reset RS simplifies switch turn OFF during 
system power up or system reset. 


FUNCTIONAL DIAGRAMS 
DG528 


A2 


8 Channel Single Ended Multiplexer Differential 4 Channel Multiplexer 
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PIN CONFIGURATIONS 


DG528 DG529 


Dual—!n—Line Package Dual—In—Line Package 


LATCHES ie LATCHES 
AND 


AND 
DECODER DECODER 


DG528 DG529 


-— 


Top View Top View 


ORDER NUMBERS: ORDER NUMBERS: 
DG528AK OR DG528BK DG529AK OR DG529BK 
SEE PACKAGE 23 SEE PACKAGE 23 
DG528CJ DG529CJ 
SEE PACKAGE 19 SEE PACKAGE 19 


TRUTH TABLES 


Pe [wa [AS] on ates 


Maintains previous switch Maintains previous switch 
condition condition 


NONE NONE 
(latches cleared) (latches cleared) 


NONE NONE 


x< 


x< 
oO 


Eogic sia. 
Logic “0”: 


== = 3/0 000 x x le 


0 
1 
1 
1 
1 
1 
1 
1 
1 


OvVotorC..OFO70 Of: 
ee ee ee ee 
oO.NIoro 2 WN — 
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ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Voltages referenced to V- 


Digital inputs®, Vs, VD. 


eee 


25V 
-2 V to (Vt +2 V) or 


20 mA, whichever occurs first. 


30 mA 
20 mA 


Current (Any Terminal Except SorD).... 
Continuous Current,SorD...... 
Peak Current, S or D 

(Pulsed at 1 msec, 10% Duty Cycle Max) . 


ELECTRICAL CHARACTERISTICS 


40 mA 


Operating Temperature (A Suffix) —55 to 125°C 
(B Suffix) —20 to 85°C 
(C Suffix) 0 to 70°C 
Storage Temperature (A & B Suffix) —65 to 150°C 
(C Suffix) —65 to 125°C 

Power Dissipation (Package) * 
18/Pin. DIP**3 0 taWiat. bis’ stag. ,: .... 900 mW 
18/Pin Plastic DIP* ** enw) nosestiuaia. . 440 mW 


*All leads soldered or welded to PC board. 
**Derate 12 mW/°C above 75°C. 
***Derate 6.3 mW/°C above 50°C 


parameters and high and low temperature limits to assure conformance with specifications. 


All DC parameters are 100% tested at 25°C. Lots are sample—tested for AC 


Ne. Typ eel, Test Conditions, Unless Noted: 
Characteristic Rreemed 1 ress, | oat | A Suffix B/C Suttixes V+ = 15, V— = —15, Ground = 0 
Terminal ae Note 1 -20°C WR = 0, RS = 2.4V 
o°c 
1 Vv Minimum Analog Signal 
ANALOG Handling Capability +15 £15 | £15 
Greatest Change in Drain A = DS(on) * -rDS(on)MIN 
7 DS(on) AVE 
4 ArDS(on) Source ON Resistance DS(on) 
Between Channels 
s -10V < Vs < 10V 
re Source OFF | 8 |-ooos| | +1] +50] | s5| +50 = 10V, Vp = -10V 
i a Wath reo oa leds 7 ee a ee p= IOV, Vp = 10V 
Cc 
rai 
12 Leakage eB ire -0.03 Pants | +10 ice a +20 | +200 Vs(all) = a en ON Sequence each switch on 
Note 2 
1s] | Logic Input Current, | eae ~0.002 oa Er Va = 2.4V 
| n , 
Logic Input Current, = — oo 
17] N R y = = = = 
P ay Input Voltage Low : | | ac pea ales es aes eee febtewie ie a Cay 
U ae : 
Switching Time of ; 
is \ a oat. phuiipiexet eee eae on ree ; 
Break-Before-Make : 
ras iptenval a ee ee io ce i 
— Enable and RS Reset F 
£ 4and7 
nlm[o__oweecoinn | © | [eo | | | | |_| [oo | eras 
i] 
? Vv =0,R, =1K2, Cy = 15 pF 
Cc EN eet “t 
Maes Ee ee a ees SSS ZY PMS 3 500 Wats 
24 Logic Input Ao, At, (A2) 25 =1MHz 
Capacitance En WR, RS 
Ss Source OFF 
251 u | Csloff) Capacitance 
Pp VEN = 0, f = 140 kHz 
L | CDloft = 
EN= n= 
oa tt ete el 
NOTES: ICML—A DG528 


1. Typical Values are for DESIGN AID ONLY, not guaranteed and 
not subject to production testing. 

2. ID(on) is leakage from driver into “ON” switch. 

3. OFF isolation=20 log IVsl, Vs=input to “OFF” switch, Vp= 
output due to Vs. IVni ey 

4. Period of Reset (RS) pulse must be at least 50 usec during or 
after power ON. 


ICML—B DG529 


5. Signals on Sx, Dx or INx exceeding V+ or V- will be clamped by internal diodes. Limit forward 


diode current to maximum current ratings. 
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TIMING DIAGRAMS 


Minimum Input Timing Requirements 


i Min Limits 


Test Circuit 


DG528 DG529 


31 


00 
A, En Data Valid to WRITE Ao, A1, (A2), En 
‘Dw (Stabilization Time) WR 
aaal A, En Data Valid after WRITE WR a6 
wD (Hold Time) Ao, A1, (A2), En 
t@g RESET Pulse Width RS 500 
Note 4 


See Figure 1 


See Figure 2 
Vs = 5V 


3V 
RS wu 
Hien ah RS Cee 
<a lott (RS) oe ag 
switcH YO 
OUTPUT py 
Figure 1. Figure 2. 


SWITCHING TIME TEST CIRCUITS 


Sp THRU S7 


DG528 Sg 


LOGIC INPUT 
t, < 20 ns 


SWITCH OUTPUT 
Vb 


0.8 Vg 
Vsg 
ttransition > 
$1 ON 


ttransition 


Figure 3. Transition Time Test Circuit 
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SWITCHING TIME TEST CIRCUITS (Cont'd) 


6gS9qd 8z769d 


SWITCH 


LOGIC INPUT 3V 
t, < 20 ns 50% 


< 20 ns 
1 0 


Vob 


= toft (En) 


0 
0.1Vo 


SWITCH OUTPUT 
Vp 


0.9Vo 


S4a- Da, 
Sab $3b- Sab 


DG529 


Figure 4, Enable t,,,/to¢¢. Time 


LOGIC INPUT 
t, < 20 ns 


te< 20 ns 


ALL S AND D, 


SWITCH OUTPUT Vs oe 
Vb 80% SWITCH 


siaxajdiujny 6ojpuy 


Ag, Ay, (Ag) 


GND 
OV 


Figure 5. Open Time (B.B.M. Interval) 
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SWITCHING TIME TEST CIRCUITS (Cont'd) 


DG528 DG529 


En 


REMAINING 


Ag:ArA2)  switcHES 


ton(wRY ——>| 

Ko2v, DG528 

SWITCH 0.2 Vo DG529 
OUTPUT OV 


Vo 


DEVICE MUST BE RESET PRIOR TO 
APPLYING WR PULSE 


2.4V ; +15V 


V+ 
En $1 OR -—O +5V 
Sib 


Ag, Aq, (Ag) REMAINING 
SWITCHES 


DG528 


3V 
RS 1.5V 50% 
OV 


0.8V DG529 
a entr earner aR SWITCH 
v O OUTPUT 
O vo 
ik pF 
Figure 7. Reset Turn-Off Time toff(RS) 
+15V 
EN 
AV. 
Vo . 
Vo 
AVo IS THE MEASURED VOLTAGE ERROR 
CL = 1000 pF DUE TO CHARGE INJECTION. THE ERROR 
VGEN VOLTAGE IN COULOMBS IS Q=C, XAVo. 
GE 


Figure 8. Charge Injection Test Circuit 
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‘DETAILED DESCRIPTION 


The internal structure of the DG528 and DG529 
provides a 5 volt logic interface with input pro- 
tection circuitry followed by a latch, level shifter, 
decoder and finally the switch constructed with 
parallel N and P channel MOSFETs (see figure 9). 


Looking at figure 9, the input protection on the 
logic lines Ao, Ai, Az, En and control lines WR, 
RS minimize susceptibility to static encountered 
during handling and operational transients. 


The logic interface circuit compares the TTL input 
signal against a TTL threshold reference voltage. 
The output of the comparator feeds the data input 
of a D-type latch. The level sensitive D latch con- 
tinuously places the Dx input signal on the Ox 
output when the CLK (WR) input is low, resulting 
in transparent operation. As soon as CLK (WR) 
returns high the latch holds the data last present on 
the Dx input at the Qyx output, subject to the 
“Minimum Input Timing Requirements” table. 


TTL THRESHOLD 
VOLTAGE 


COMPARATOR 
INTERFACE 


VREF 
Ey O74 PROTECTION 
PROTECTION 


PROTECTION 


PROTECTION 


A, © 


WRO 
RSO 


Following the latches the Ox signals are level 
shifted and decoded to provide proper drive levels 
for the CMOS switches. This level shifting insures 
full ON/OFF switch operation for any analog signal 
present between the V+ and V- supply pins. 


Power Supplies 


The final data sheet will provide graphs showing 
the effect on power supply sensitive parameters. 


DECODE 


th 


Figure 9. DG528 Simplified Internal Structure 
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DG528 DG529 


APPLICATIONS 


The DG528 and DG529 minimize the amount of 
interface hardware between a microprocessor system 
bus and the analog system being controlled or 
measured. The internal TTL compatible latches give 
these multiplexers memory, that is, they can be 
programmed to stay in a particular switch state 
(e.g., switch 1 ON) until the microprocessor deter- 
mines it is necessary to turn a different switch ON 
or turn all switches OFF. 


The input latches become transparent when WR is 
held low; therefore, these multiplexers operate by 
direct command of the coded switch state on Aj, 
Ai, Ag. In this mode the DG528 is identical to the 
very popular DG508 even sharing the same pin 
locations. The same is true of the DG529 versus 
the popular DG509. 


Circuit Operation: (See Figure 10) 
Initially during system power-up RS would be 


DATA BUS 


RESET O 


PROCESSOR SYSTEM BUS 


ADDRESS cs 


BUS 
ADDRESS 
DECODER 


active low maintaining all 8 switches in the OFF 
state. After RS returned high the DG528 maintains 
all switches in the OFF state. As soon as the system 
program was ready to perform a write operation to 
the address assigned to the DG528, the address 
decoder would provide a CS active low signal which 
is gated with the WRITE (WR) control signal. At 
this time the data on the DATA BUS (that will 
determine which switch to close) is stabilizing. 
When the WR signal returns to the high state, 
(positive edge) the input latches of the DG528 save 
the data from the DATA bus. The coded informa- 
tion in the Ag, Aj, Ag and E, latches is decoded 
and the appropriate switch is turned ON. 


The E, latch allows all switches to be turned OFF 
under program control. This becomes useful when 
two or more DG528s are cascaded to build 16-line 
and larger analog signal input multiplexers. 


O ANALOG 
OUTPUT 


Figure 10 
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Monolithic 8-Channel Ss 


Multiplex Switch with Decode ~ 
designed fOr. oe BENEFITS 


° ° a ~G-4 @ Reduces External Component Requirements 
& Multiplexing Analog Signals A psacegee ie olbe 


O Internal Zener Diodes Protect MOS Gates 
® Minimizes Channel Cross-Talk Problems 
O Break-Before-Make Switching 


DESCRIPTION 


The Si3705 is designed to function as a single-pole, 8-position (plus OFF) electronic switch. The function is implemented 
by using eight P-channel MOS field-effect transistors as analog switches. In the ON state, each switch will conduct current 
equally well in either direction, and in the OFF state each switch will block voltages up to 5 V peak-to-peak. The ON-OFF 
state of each switch is controlled by drivers, which are in turn controlled by a 3-bit binary word plus an Enable-Inhibit 
input. The truth table shown below indicates the binary word required to select any one of the eight switch positions. 
Logic input levels “L’’ and '’H’’ correspond to positive logic ‘’0’’ and ‘‘1’". Assuming supply voltages of 5 and —20 V, 
logic ““L’’ < 0.6 V and logic ‘’H’’ = 3.5 V. The rise and fall times of the drivers are designed to provide break-before-make 
switch action. 


FUNCTIONAL DIAGRAM PIN CONFIGURATION 
Dual-In-Line Package 


SIGNAL INPUTS 


TOP VIEW 
ORDER NUMBERS: Si3705142K, Si3705143K, 
Si3705192K OR Si3705193K 
SEE PACKAGE 10 


ORDER NUMBER: Si3705192P 
SEE PACKAGE 12 


TBoth V+ lines are internally connected, either one 
or both may be used. V+ common to substrate. 
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SIGNAL INPUTS 


Pl Pies Saal ras tes PT pele Be ec Bh es 
x es Bl pees fot ae: RRR Cea pce pee 
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ABSOLUTE MAXIMUM RATINGS 


VitiO. Vi veateehrs b ht he ae aba reri ey <eeeanen ies OSS OuN, Current (Any Terminal)... . =... om een —20 mA 

MTOR Val ryees Seie as SSR ARR a ltl? 7. —03e35 V Stordge, Lentperature my : . cen: seu. BP ee -65 to 150°C 

V+to Vp. or VS... ... seit fade ae ue? ome @. 7OSs73p V Operating Temperature (A Suffix)....... —55 to 125°C 

ND TOV. oe aioe rete es car oe eae re Nia ace £25.V (C Suffix) 20. en 0 to 70 C 

AV ET LORM Wie aad easier talc seca ee Spy, Power Dissipation”... .“S.".). 2° 900 mW 

VCO SLO Mais eeaig e aats aie aie a eee as 35 V “All leads soldered or welded to PC board. Derate 12 mW/°C 
above 75 C 


ELECTRICAL CHARACTERISTICS 
All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS TEST CONDITIONS, UNLESS NOTED: 
CHARACTERISTIC $13705142/S13705143 $13705192/S13705193 UNIT V- = -20 V, V+=5V, Ven =3.5V 


en ea a 


2 Drain-Source 200 et ced 300 | 200 200 300 Vos 00 y Vos 00 y u 
$1 DS(on) ON Resistance [soo | iazand is 7- OA 
eh Seal ED 192 only 
c Source OFF bs AN ‘a 
414 | 'Sloff) Leakage Current lee Verso Vay Dae 
° Ace nA VEn = 0.6 V 
rain 
Input Current, s 
4 AN larut voltage Low sans chavs SH to slenin leh te walt oett (VAR ee 
: Switching Time 20 20 See Switching Time Test circuit 
transition Of Multiplexer Vg1 = +1 V, Vsg = #1 V, Vg2_7 = gnd 
8 Turn-ON Time 1.2 Typ 1.2 Typ 
ee ay ae a a con ssa eRG Ee 
9] tor Turn-OFF Time Pe Gis [toes Tver We ole P| POs avis |ananine| ata | eG eee an 


Break-Before-Make 
a N ee Interval Eval i o Me Cee ae oe ait 
Source OFF 
"1 I Cs (off) Capacitance ate eae Baie eho ae binds cs VEn = 0.6 V 


Cc 
Drain OFF f = 1 MHz 
1 
; eye Capacitance Se a page aS Ante i . 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. IPAA 


SWITCHING TIME TEST CIRCUIT 


Switch output waveform shown for Vs = Constant with logic input waveform as shown. Note that Vo may be + or — as per 
switching time test circuit. Vo is the steady state output with switch on. Feedthrough via gate capacitance may result in 
spikes at leading and trailing edge of output waveform. 


50% 
Ov 


OUTPUT Vv 
Vv =+1V 90% ee 
S(ALL) 


OUTPUT —>| |*— topen 
Vg1=-1V 
Vsgg=t1V 


10% 


90% 


109 
OUTPUT 6g Vo 


Voq=t1V 
S1 > > transition — “transition 


Vsgg =-1V 
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TYPICAL CHARACTERISTICS 


DS(on) YS Vp 
and Temperature CD (off): Cs (off) vs Vp 


SOZLE!IS 


OUTPUT 
O 


naib: a 


(SGnes 


C — CAPACITANCE (pF) 


Cs (off) 


Ser a 
Vp — DRAIN VOLTAGE (VOLTS) Vp — DRAIN VOLTAGE (VOLTS) 


'ps(on) ~ DRAIN TO SOURCE ON RESISTANCE (OHMS) 


ID (oft)/'Sloft) VS If RGEN, RL or Cy is increased, there will 
Switching Time vs Vp eae be proportional increases in rise and/or fall 
: RC times. 


CURRENT (nA) 


PNG LTT TTT 


t — SWITCHING TIME (us) 


Vin — LOGIC INPUT 
VOLTAGE (VOLTS) 


PL TNMINGTT T 
SEUNG) mil 


ID(ott)/!s(oft) — DRAIN AND SOURCE LEAKAGE 


Vp — DRAIN VOLTAGE (VOLTS) T — TEMPERATURE (°C) 


Switching Time vs Supply Current vs 
Temperature Temperature 


t — SWITCHING TIME (us) 
| — CURRENT (mA) 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


“OFF” Isolation vs RL 
and Frequency 


Vout ~ OUTPUT VOLTAGE (VOLTS) 


suaxajdipjinyw Bojpuy 


OFF ISOLATION (dB) 


1 2 


| 
f — FREQUENCY (Hz) “OFF” ISOLATION = 20 LOG aoe t — TIME (us) 
IN 
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SCHEMATIC DIAGRAM 
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Siliconix 


SIGNAL INPUTS 


Sg | CHANNEL NO. 


(NEGATIVE 


AND POSITIVE 


6 SIGNAL 
OUTPUT 


Ds 


Siliconix 


Multi-Channel FETs Ea 


Index 


MULTI-CHANNEL FETs 


Title Page 
GTB holes bine « Sethe cas Se bu ie ay Mie aon phe MR de cio le eat aleestit a ea ne oh eae A Ree ets ace ea 5-1 
GIG. cs biaed di ole a sce © ctnlie dye le eve. op og aoe'¢ ct booted: PRN a caeningonepe ates hile anevada ihc cele rear oe eee 5-3 
GTTT Sy is OSes seg ley ene a Yo OR te Gt ee 5-5 
GT 18 os ioe e died siene caer wnst eh ee serecebonrn Sy ipa thomas meena Fy re Le ert A tos Ge cI 5-7 
G119 2 Sai bea een ob aies bight oe ibe nate) RUM e cane) eR Pee ere Ome | deen ees enn 5-9 
G22 i orale oe Gale bo eudie We eine CHS UT RE MROPtOtG fra fMRI) ce 5-11 
G12B ee ects Mane irate gy Bs ote See ee pw Ae tee eae tenes Center Soka emer ne ee 5-13 


Stresses listed under “Absolute Maximum Ratings’”’ may be applied (one at a time) to devices without resulting in 
permanent damage. This is a stress rating only and not subject to production testing. Exposure to absolute 
maximum rating conditions for extended periods may effect device reliability. 


Monolithic 6-Channel Ss 


Siliconix 


Enhancement-Type MOS FET 
Switch 


designed fOr... « BENEFITS 


ey Switching Analog Signals ® Reduces External Component Requirements 


O Internal Zener Diode Protects the Gate 
~ 4 © Six Switches Per Chip 
a 
Multiplexing O Integrated MOS FET for Each Gate to 
Provide ‘’Pull-Up’’ Current for Gate- 
Driver Circuit 


DESCRIPTION 


The G115 contains six enhancement-mode P-channel MOS FETs designed to function as analog switches. In the ON state 
each switch will conduct current equally well in either direction, and in the OFF state each switch will block voltages up to 
30 V peak-to-peak. The switches are integrated on a silicon substrate (body). The switches have acommon drain terminal 
(D) which will function equally well as acommon source. In the same manner, the source terminals (S) will function equally 
well as drains. Each gate (G) is provided with a normally OFF ‘‘pull-up’’ MOS FET which may be turned ON to provide a 
current source to the gate-driving circuit. The pull-ups are turned ON or OFF by connecting the ‘’P”’ terminal to a negative 
supply or to the “’B’’ terminal respectively. 


FUNCTIONAL DIAGRAM 


O B (V+) 


PIN CONFIGURATION SCHEMATIC DIAGRAM 


Dual-In-Line Package 


TOP VIEW 


ORDER NUMBERS: G115AP OR G115BP 
SEE PACKAGE 12 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ......... . sae.) 65 to 150°C 
Vp:to.VS_... ste eae. aay okay cnatet gamle fe oae tale wae —2 to 30 V Operating Temperature (A Suffix)...... —55.to 125. C 
ViB-LOsV-pyeeaceresa nese ER a Oe 2et ONG V (B Suffix) ..... 2... 20 to 85°C 


Power-Dissipation” =e... & © wee ee 


ee a ee wer 


Pk ee eee Ole, ey RACE SME gate 1a CRONE MEUEREUR me, * All leads soldered or welded to PC board. Derate 12 mw/°C 
Tae EAN GHAR PMN eer tact EARS ed Sih LONG pee I Te above 75°C, 


oe) weenie St. 6) ke, me (6 560 6) ye else sae le. plete: @ ice, 1s? whale a) te 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 
TEST CONDITIONS, UNLESS NOTED: 
UNIT Von= 0, Venele 


Vpsg = 9. Vep = -30 V 
Drain-Source 

Vv =-10V,V = -20V Is =-1 mA 
ON Resistance | Vg = -10 V, Vop = -20V | «“YGD Ss m 


MAX LIMITS 


CHARACTERISTIC gia AN GTA Yr th’ 


2 
3 Vpp = -20 V, VGp=-10 V 


oO 


Source OFF 
A Vsp = -20 V, Vgp =0 
A staff Leakage Uren: poise Myf ease A] o-som) [ie naitcenti ?eese07i | A oP ote SP 
n 
Drain OFF 
i =-20 V, Ves = 0, Vsp = 
'D(off) Leakage Current sie Maes Gs = 0, VsB = 0 


teil dado Ce eulooe pelea 
ow swevorm | [aves fee] [en ainr 
oct 0) ERE ca faregn ie 90] AO tn] Us ea efieom oar jer 08 
Yosin) Tei oon peanut 


‘ Pull-Up Gate-Body 
BV M = a = = ~ tf = o = = = = = = 
12 Pgs Min Breck dawn Voltage 35 to -90 35 to -90 35 to -90 35 to -90 35 to -90 35 to -90 Ip =-10 nA, VGp=0 


Gate-Source c - ; 
D Gate-Drain v4 4 Vos = Vsp = 9, d 
ty Y mule hid Body Guarded Sopree: Guardes 
N - 
Drain-Source . 4 VGp=0 
Ll sanel) OFF Capacitance Laeac encom gio matron REG Pecan | oa ot see 
M 
16] alc poe eeeoey. 2 Typ* 2 Typ* Vpp = 0, Vsg=-5V | Gate and Drain Guarded 
cj sb Capacitance yp yp DB = 9. VsB 
17 Cc Brain Gody I2yvp* 12 Typ* Vsp =0,Vpg=-5V | Gate and Source Guarded 
db Capacitance yp yp SB » YDB 


MAB-A 


fos) 


~ 


foe} 


o 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


TYPICAL CHARACTERISTICS 


IS(off): 'D(off) VS 
DS(on) VS Ves Temperature Capacitance vs Vpp or Vop 


C — CAPACITANCE (pF) 


RU al 


Nell 
l 


L_| INNNIE 


Ig — GATE CURRENT (mA) 
6 


HERE NS 
EES aiill 


Nall 
ray 


"ps(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


| 
w 
c—) 


—25 
Ves — GATE-SOURCE VOLTAGE (VOLTS) T — TEMPERATURE (°C) Vpp OR Vgg — DRAIN-BODY OR Vpg — PULL-UP GATE TO BODY 


SOURCE-BODY VOLTAGE (VOLTS) VOLTAGE (VOLTS) 


5-2 Siliconix 


Monolithic 5-Channel ss 
Enhancement-Type MOS FET Siliconix 
Switch 


designed for ie tie BENEFITS 


i A H @ Reduces External Component Requirements 
7 Switching Analog Signals © Internal Zener Diode Protects the Gate 
a Multiplexing O Five Switches Per Chip 


O Integrated MOS FET for Each Gate to 
Provide ‘‘Pull-Up’’ Current for Gate- 
Driver Circuit 


DESCRIPTION 


The G116 contains five enhancement-mode P-channel MOS FETs designed to function as analog switches. In the ON state 
each switch will conduct current equally well in either direction, and in the OFF state each switch will block voltages up to 
30 V peak-to-peak. The switches are integrated on a silicon substrate (body). The switches have a common drain terminal 
(D) which will function equally well as acommon source. In the same manner, the source terminals (S) will function equally 
well as drains. Each gate (G) is provided with a normally OFF ‘‘pul!-up’’ MOS FET which may be turned ON to provide a 
current source to the gate-driving circuit. The pull-ups are turned ON or OFF by connecting the ‘‘P”’ terminal to a negative 
supply or to the ‘’B”’ terminal respectively. It is recommended that the G115 be used for new designs. 


PIN CONFIGURATIONS FUNCTIONAL DIAGRAM 


Flat Package 


1 14 


OB (V+) 


B (V+)* 
7 8 
TOP VIEW 


ORDER NUMBER: G116AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 


Dual-In-Line Package 


TOP VIEW 


ORDER NUMBER: G116AP 
SEE PACKAGE 11 
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ABSOLUTE MAXIMUM RATINGS Operating Temperature . . 
Power Dissipation” 


—2 to 30 V Flat Package** 
—2 to 30 V 14 Pin pip*s* 


*A\l leads soldered or welded to PC board. 
**Derate 10 mW/°C above 75°C. 
***Derate 11 mW/°C above 75°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMI 
es TEST CONDITIONS, UNLESS NOTED: 


VpB = 0, Vpgp = 0 


Vpp = 9, VGp = -30 V 
Drain-Source 
2 Vv =-10V,V =-20V |Is=-1mA 
ON Resistance DB OV, VGD S 
Vpp = -20 V, Vgp = -10 V 


Vsp = -20 V, Vop = 0 


CHARACTERISTIC 


Source OFF 
Leakage Current 


\ Drain OFF 
Dioff) Leakage Current 


'G(on) Gate ON Current bewtie -0.8 to -2.4 WO ben -0.8 to -2.4 


Gate-Channel 


'Gss Leakage Current a 


0.5 ~5 
Vgsith) =A es ha ae -1.5 to -4.0| -1.5 to -4.0 -1.5 to -4.0 Ip = -10 uA, Vgp = 0, Vg = 0 
Bypasi Mi et cae aE: 
BVsps Min Pate are RA -30 -30 -30 -30 Is =-10 KA, Vep =0 
BVGps Min cece i -35 to -90 | -35 to -90 -35 to -90 Ig =-10HA 
BVpgs Min Sah putes wae *-35 to -90 -35 to -90 Ip = -10 nA, Veg = 0 
Ole pee | 09 Tye: | 


! Source-Body 
1 * 
8) c|Csb Capacitance 


Is (off) 


Vps = -20 V, Vgs = 0, Vsg = 0 


{ 

N 

a 

' 

N 

a 

oS 
i 


VGp = -30 V, Vpg = -30 V 


VoGBp = -20 V 


w 
° 
oO 


-30 Ip = -50 uA, Vgs = 0, Vgg = 0 


Drain Guarded 


VosB = Vsp = 9, 


Body Guarded 


p 


F 
Vpp=0,Vsg=-5V_ | Gate and Drain Guarded 
Vsp=0,Vpg=-5V_ | Gate and Source Guarded 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. MAB-A 


Drain-Body 


Ad, Cdb Capacitance 


TYPICAL CHARACTERISTICS 


IS(oft): 'Dioff) VS 
'DS(on) YS Vics Temperature 


ae 
ory 


PEEEECELLLE A 
a 
Baa 


al il 
sLttrrel CLL avis 


-25 -20 -15 -10 —5 0 85 —30 —20 —10 
Vgs — GATE-SOURCE VOLTAGE (VOLTS) T — TEMPERATURE (°C) Vpp OR Vsg — DRAIN-BODY OR Vpp — PULL-UP GATE 
SOURCE-BODY VOLTAGE (VOLTS) TO BODY VOLTAGE (VOLTS) 


'pS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 
C — CAPACITANCE (pF) 


| 
i) 
S 
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Enhancement-Type MOS FET ~— 
Switch 


designed for sete ct BENEFITS 


fe Switching Analog Signals @ Reduces External Component Requirements 


© Internal Zener Diode Protects the Gate 
H : H ~ O Five Switches Per Chip 
ma 
Multiplexing with Enable Switch opi ee en Each Gate ve 
Provide ‘“Pull-Up’’ Current for Gate- 
Driver Circuit 


DESCRIPTION 


The G117 contains six enhancement-mode P-channel MOS FETs designed to function as analog switches. In the ON state 
each switch will conduct current equally well in either direction, and in the OFF state each switch will block voltages up to 
20 V peak-to-peak. The switches are integrated on a silicon substrate (body). The drains of five of the switches are internally 
connected to the source of the sixth switch. This arrangement is intended for use of the device as a 5-channel first-level 
and one-channel second-level multiplexer. Each of the six gates are provided with an internal “‘pull-up’’ current which may 
be turned ON or OFF by connecting the pull-up control terminal (P) to a negative supply or to the body (B) terminal. 


FUNCTIONAL DIAGRAM 


O B (V+) 


PIN CONFIGURATION 


Flat Package 


1 


14 


8 


7 
TOP VIEW 


ORDER NUMBER: G117AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 
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ABSOLUTE MAXIMUM RATINGS 


—2 to 30 V Storage Temperature ieee ves 6570015006 
.. —2 to 30 V Operating Temperature (A Suffix) —55 to 125°C 
(B Suffix) —20 to 85°C 
Power Dissipation™ .... . - 750 mW 
*All leads soldered or welded to PC board. Derate 
10 mW/°C above 75°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 
CHARACTERISTIC G1178 UNIT Vpp = 0, Vpp =0 
2 =-10V,V =-20V |Ilg=-1mA,V =V 
TDS(on) ON Capacitance 200 200 250 250 250 300 VoB 0V,VGpD Ss m G6D GD 


Source OFF is s 
istoff) Leakage Current (is dict ile le ca | ee Ware ie : 
Drain OFF 
Cas = =- V = = ~30 V. Vep = 
store Leakage Current poled etary aa ee ee i Be oo iy i a ny ta . 
Drain OFF 
= = Voc = -20 V, Vac = -30 V, V =0, Vep = 
'Glon) en ey amateur hey sie eps ed Sorte ean Lace ie ine Mi oe ee 
Gate-Channel 
Gate-Source 
ae = -1,. -4, -1.5to-4.0 | — -1. -4, -1. = _5= =- 
VGSith) Threshold Voltage 1.5 to -4.0] -1.5 to -4.0 1.5 to-4.0 | -1.5 to -4.0 1.5 to-4.0 Ig = 10 HA, VpG1-5 = 0, Vege = -20 V 
Gate-Source 
-1, 0} -1, 4.0} - -1, 1 = ty i = = a 
VGsith) Threshold Voltage 1.5 to -4,0 1.5 to -4.0 1.5 to -4.0 1.5 to-—4.0 Is1 = 10 uA, Voge = 9, VGB1 20 V 
Drain-Source 
i ae me be = fe re tase = = 
aes se Breakdown Voltage = #2 ys — : ze y 
Vv 
: Source-Drain uy x 
enous ye Breakdown Voltage s ie ii — ee 
Begs Min yon rae -35 to-90 | -35to-90 | -35to-90 | -35to-90 | -35to-90 | -35 to -90 Ig=-10uA 
GBs Nn Breakdown Voltage r 2 o Sa < Le Gree le 
. Pull-Up Gate-Body = = 
BVpgs Min Breakdown Voltage -35 to -90 ~35 to -90 -35 to -90 -35 to -90 -35 to -90 -35 to -90 Ip=-10 HA, VGp=0 
Gate-Source ah ee 
Gate-Drain me? VpsB = Vsp = 9, 
Peecemerens cca Eee r° TYP Lee eet ke ees me ca SE ee Body Guarded 
a Drain-Source 55 ae 
eo OFF Capacitance Peamenia cede) ce el ee pe oe doe, 55 
c Source: Body, 2Typ** 2 Typ** Vpg =0,Vsg=-5V | Gate and Drain Guarded 
sb Capacitance yP uP DE ace pe: peeG 
Drain-Body Vs(1-5)B = 0, VG(1-5)B = 9, VG6p = -30 V, Vpg =-5 V, 
19 Cc * “+ 


*This is resistance (capacitance) from each source to common internal node. Multiply resistance by two for total resistance from inputs to output. MAB 
**Typical values are for DESIGN AID ONLY, not guaranteed and not subject to Production testing. 


Drain Guarded 


TYPICAL CHARACTERISTICS 


IS(off): 'D(off) VS 
DS(on) VS V6s Temperature 


Vsp = Van = Vpp = 9 
Veap =—20V 
f=1MHz 


NAN TTT 


Ig — GATE CURRENT (mA) 
° 


INSET I 


rT 
= 
uw 
oO 
2 
i? 
re 
Oo 
xt 
a 
ft 
oO 
> 
(a) 
° 
@ 
= 
< 
a 
(=) 
| 
2 
ao) 
1S) 


a SN aT 


0.1 
-30 -25 -20 —-15 -10 


Vgs — GATE-SOURCE VOLTAGE (VOLTS) T — TEMPERATURE (°C) Vpp — DRAIN-BODY VOLTAGE (VOLTS) Vpp — PULL UP GATE-BODY VOLTAGE (VOLTS) 


"ps(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


5-6 Siliconix 


Monolithic 6-Channel Ss 


Enhancement-Type MOS FET Siliconix 
Switch 


designed for..: * BENEFITS 


nA Switching Analog Signals @ Reduces External Component Requirements 


O- Internal Zener Diode Protects the Gate 


a Multiplexing O Six Switches Per Chip 


DESCRIPTION 


The G118 contains six enhancement-mode P-channel MOS FETs designed to function as analog switches. In the ON state 
each switch will conduct current equally well in either direction, and in the OFF state each switch will block voltages up to 
20 V peak-to-peak. The switches are integrated on a common substrate (body). They have a common drain terminal (D) 
which will function equally well as a common source; likewise, the source terminals will function as drains. 


PIN CONFIGURATIONS FUNCTIONAL DIAGRAM 


Flat Package 


7 
TOP VIEW 


ORDER NUMBER: G118AL 
SEE PACKAGE 5 


SCHEMATIC DIAGRAM 


*Common to Substrate and Base of Package 


Dual-In-Line Package 


TOP VIEW 


ORDER NUMBER: G118AP 
SEE PACKAGE 11 
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ABSOLUTE MAXIMUM RATINGS 


Veto MG.) mam mie Sota ots, eed aiata las reel fale —2 to 30 V 
MR LON Dhiaratrcnvterk. chee gels a uae ag al —2 to 30 V 
VD'ta VS oi ee le 6 a a +30 V 
Vie tOl VG Lee Bate, cain lise: a as te ror et curemen ania 35 V 
CHT p bor acincio hacia aerorcaer-cran tex Seiaraetnereni Fea 100 mA 
ACh cis are: Cal al mini popes we aa ee Saat ir sha) aign ants 5mA 
storage, Lemperature, 20... ft waccue alas —§5 to"150..C 


ELECTRICAL CHARACTERISTICS 


Operating Temperature (A Suffix). —55.to 125°C 
(BSUffix) 2.9 Sou —20 to 85°C 

Power Dissipation” 

Flat Package=a.5 3) fit £."3 Bay a 750 mW 

TEPimDIP OP ae 825 mW 


* All leads soldered or welded to PC board. 
**Derate 10 mW/°C above 75°C. 


***Derate 11 mW/°C above 75 C. 


All DC parameters are 100% tested at 25 C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


MAX LIMITS 


CHARACTERISTIC 


1 
2 Drain-Source 
ON Resistance 
3 
Source OFF 
‘ files! Eeokage CRATER aioe] Eh kay Ute: ea | cecil ab eed 
Drain OFF 
i Ss sel Peakege Cum ne aed ie eae chad | 1000 | be 
T Gate-Channel 
6 ae 


Leakage Current 


Drain-Source 


2 Bvipgs Min Breakdown Voltage 


Source-Drain 


+ B¥sps in Breakdown Voltage 


Gate-Body 


Mi 
ie BVGBs Min Breakdown Voltage 


Source-Body 
1 ent 
i c re Capacitance ii cid a 


“Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


TYPICAL CHARACTERISTICS 


-35 to -90 -35 to -90 -35 to -90 -35 to -90 -35 to -90 -35 to -90 
Gate-Source 
0.9 T 0. 
ep sl UPS Ra SU ce) ape 
D Gate-Drain 0.9 Typ * 0.9 Typ * 
ely ee ee! 
13 A Cc Drain-Source 0.4 Typ * Odeivok F 
ds(off) OFF Capacitance ve yp E 


2 Typ * 


Gates 


do 
oO 
< 


TEST CONDITIONS, UNLESS NOTED: 
VpB = 90 


Vos = 9, VGp = -30 V 
Vpp = -10 V, Vgp = -20 V Ig =-1mA 
Vpp = -20 V, Vgp = -10 V 


Vsp = -20 V, Vep = 0 

Vps = -20 V, Veg = 0, Vsp = 0 
Vgp = -20V 

Ip =-10 HA, Vep = 0, Vsp = 0 
Ip = -50 HA, Veg = 0, Vgg = 0 
-30 Ig = -10 nA, VGp = 0 


IG=-10nA 


Drain Guarded 
Source Guarded 
VGB=0 
Gate Guarded £24) Mele 
Vpp =9,Vsgp=-5V_ | Gate and Drain Guarded 


Vsp =9,Vpp=-5 V_ | Gate and Source Guarded 


MABA 


VpB = Vsp = 0, 


Body Guarded 


IS(off): 'D(off) YS 


'DS(on) YS VES oe 


Capacitance vs Vpp or Vsp 


"CT 


pone 


SCE 
BREE 20, 


Cy (on) (VGB = -30 V) 


arity 


LEAKAGE CURRENT (nA) 


C — CAPACITANCE (pF) 


Bw 
10 L Cdb (VGp = 9 V) BEBE male 


Cob (Vgs = 9 V) wis eae 


DS(on) ~ DRAIN-SOURCE ON RESISTANCE (OHMS) 


Vgs — GATE-SOURCE VOLTAGE (VOLTS) 


5-8 


T — TEMPERATURE (°C) 


0 SGT MOEN Micah sie ice 
-30 -20 -10 0 


Vpg OR Vgg — DRAIN-BODY OR 
SOURCE-BODY VOLTAGE (VOLTS) 


Siliconix 


Monolithic 6-Channel B:s 
Enhancement-Type MOS FET ~~ 
Switch 

designed fOr .6o BENEFITS 


@® Reduces External Component Requirements 
& Switching Analog Signals such as : 


Internal Zener Diode Protects the Gate 
Differential Inputs © Six Switches Per Chip 
O Integrated MOS FET for Each Gate to 
BS Multiplexing Provide ‘‘Pull-Up’’ Current for Gate- 


Driver Circuit 


DESCRIPTION 


The G119 contains six enhancement-mode P-channel MOS FETs designed to function as analog switches. In the ON state 
each switch will conduct current equally well in either direction, and in the OFF state each switch will block voltages up to 
30 V peak-to-peak. The switches are integrated onto a silicon substrate (body) and are internally connected into two groups 
of three switches per group. This arrangement facilitates the switching or multiplexing of differential analog signals. Each 
group has a common drain terminal (Dy and Dz) which will function equally well as acommon source. Each gate terminal 
(G) controls a pair of switches and is provided with a normally-OFF ‘‘pull-up’’ MOS FET which may be turned ON to 
provide a current source to the gate-driving circuit. The pull-ups are turned ON or OFF by connecting the “‘P’’ terminal to a 
negative supply or to the “’B” terminal respectively. 


FUNCTIONAL DIAGRAM SCHEMATIC DIAGRAM 


Gy G3 


if 
| 


PIN CONFIGURATION 


Flat Package 
PIN CONFIGURATION 


1 14 


7 8 
TOP VIEW 


ORDER NUMBER: G119AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 
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6LLOD 


SLjz4 jouu_YD-1INWw le 


G119 


ABSOLUTE MAXIMUM RATINGS 
-65 to 150°C 
Operating Temperature (A Suffix) —55 to 125°C 
(B Suffix) —20 to 85°C 
Power'Dissipation” .... s+. s+. . ane oe 
*All leads soldered or welded to PC board. Derate 
10 mW/°C above 75°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25 C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
TEST CONDITIONS, UNLESS NOTED: 


Vos = 0, Vpp=0 
PRA A Vine =0.\Venaoaem | 

SN ranen jaf 200 ir [rial bl] W250. 7 << esodon | Menage di [ Vop =-10V, Ven = -20¥ | 
=- =- Is =-1mA 

AVES 200 250 250 250 300 Vpp =-10V, Vgp=-20V | Is m 


CHARACTERISTIC 


Vpp = -20 V, Vgp = -10 V 


Vsp = -20 V, Vgp = 9 
T nA | 
= Jane = = 
- 'D(off) Leakage Current Vps 20 V, VGs = 0, Vsp = 0 
i 
Cc} '!G(on) Gate ON Current -0.8 to -2.4 -0.8 to -2.4 mA VoGp = -30 V, Vpg = -30 V ; 
Gate-Channel = . 
cs Esskogec urges plored nS a es Ete pe CTE Gl of ee ate 1 
Gate-Source 
-1.5 to -4.0] -1. -4.0] -1. -4.0 | -1. ~4.0] -1.5 to -4.0 | -1.5 to -4.0 = =I £ 
eee) PRES Ig MOIage H151 -40 i hae etna -1510-80|-1.50-40]-15 10-40) iy uy VSB x V6 ° 
Vv = 


Source OFF 


Ss 'S(off) Leakage Current 


Drain OFF 


Drain-Source 
“A 12e 


30 ~30 -30 ~30 -30 £3 
S 
OLS Ven euMin ionic eee -~30 -30 -30 -30 -30 -30 Ig = -10 HA, V 0 
P SDS Breakdown Voltage Ss BA, VGD 


" BV Mine ie, -35 to-90 | -35to-90 | -35to-90 | -35to-90 | -35to-90 | -35 to -90 IG=-10 nA 
‘ GBS Breakdown Voltage G hs 
Pull-Up Gate-Body “y el 
BVpps Mina sakdown Voltage | “22 t0-90 | -35to-90 | -35 to-90 | -35to-90 | -35 to -90 | -35 to -90 Ip =-10 nA, Veg =0 


Capacitance 
D Gate-Drain Zs Vpp = Vsp = 0, 
14] CIC, 4 1.8 Typ* 
YS Copsetttice ee a we Pe ae Te Body Guarded oo 
N L 
Drain-Source Vv =0 
A * a GB 
M ell Pecemenuatice eee 2k eh: aes Sure ay i ae f= 1 MHz 
Vpp=9,Vsp=-5V_ | Gate and Drain Guarded 
Vsp=0,Vpg=-5V_ | Gate and Source Guarded 


“Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. MABB 


TYPICAL CHARACTERISTICS 


IS(off): 'D(off) VS ; 
'DS(on) YS Ves Temperature Capacitance vs Vpp or Vgp 


= 
°. 
> 


= 
i=] 
o 


: = 
D(off) 


= 
o 
Ww 


Caion) (Vep = 30 V) 
= 
anni 


'S (off) 


C — CAPACITANCE (pF) 


LEAKAGE CURRENT (nA) 
5 


= 


Ay atirbetaly bo tel hahaha 4 


—-25 -20 —15 105 125 —30 —20 —10 


DS(on) ~ DRAIN-SOURCE ON RESISTANCE (OHMS) 
| 
w 
ro) 


Ves — GATE-SOURCE VOLTAGE (VOLTS) T — TEMPERATURE (°C) Vos OR Vsg — DRAIN-BODY OR Vpp — PULL-UP GATE-BODY VOLTAGE (VOLTS) 
SOURCE-BODY VOLTAGE (VOLTS) 
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Monolithic 4-Channel bi 
Enhancement-Type MOS FET ~~ 
Switch 

designed 1Of.c.. | BENEFITS 


ES Switching Analog Signals such as @ Reduces External Component Requirements 


© Internal Zener Diode Protects the Gate 


Differential Inputs © |Four Switches Per Chip 
A 8 © Integrated MOS FET for Each Gate to 
ee Multiplexing Provide ‘‘Pull-Up’ Current for Gate- 


Driver Circuit 


DESCRIPTION 


The G122 contains four enhancement-mode P-channel MOS FETs designed to function as analog switches. In the ON state 
each switch will conduct current equally well in either direction, and in the OFF state each switch will block voltages up to 
30 V peak-to-peak. The switches are integrated onto a silicon substrate (body) and are internally connected into two groups 
of two switches per group. This arrangement facilitates the switching or multiplexing of differential analog signals. Each 
group has a common drain terminal (Dy and D2) which will function equally well as a common source. Each gate terminal 
(G) controls a pair of switches and is provided with a normally-OFF ‘‘pull-up’’ MOS FET which may be turned ON to 
provide a current source to a gate-driving circuit. The pull-ups are turned ON or OFF by connecting the ‘‘P’’ terminal to a 
negative supply or to the ‘’B’’ terminal respectively. 


FUNCTIONAL DIAGRAM SCHEMATIC DIAGRAM 


PIN CONFIGURATION 


Flat Package 


1 14 


8 


7 
TOP VIEW 


ORDER NUMBER: G122AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 
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G122 


ABSOLUTE MAXIMUM RATINGS 


: Amaia inte ace ae Reet y 6 A tee aey ee Storage Temperature... ..s.. se) one —65 to 150°C | 
2A aa Ca 9 ean RE NEN ah sapere . —2 to 30 V Operating Temperature (A Suffix)....... 55 to 125°C 
V6 TO WG a ori em ee ae th See +30 V (B Suffix)... .. . 20 to 85°C | 

he) Beeson a aie cee Murawiec. f/f sie Power Dissipation” ;.....<.0- 05 
Bee eee ets os Cena dint Bae cine Lee ert 5mA *All leads soldered or welded to PC board. Derate 
he Seats GR NRO Verte aCRE Lia eee ae 10 mW/°C above 75°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


MAX LIMITS 
B SUFFIX UNIT 


TEST CONDITIONS, UNLESS NOTED: 


CHARACTERISTIC Vp = 0, Vpg = 0 


Drain-Source 
== =-~20V 
: ON Hesistance 2 | Vog = -10 V. Veo = -20 


Vsp = -20 V, VGp = 90 


Source OFF 
i Sit SBE comcus fewer] ina A Gea [ Be ea] one evo 


Drain OFF 
5} 1! D(off) Leakage Current idl et Oo TT tie. oS ae 


6}_}iGion) GateON Current | | -0.8 to -2.4 | * | 0.8 to -2.4 4 Vp = -30 V, Vpg = -30 V 


ee eeeeeeeeeeEeeeEeEeEeEeEeEeeeeeeeeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEeEee 


: 
: 
a 


S 
5 Gate-Channel L By 
A 'Gss Leakage Current oc Mee eo ' 
- 
Gate-Source 
! -1. -4.0]} -1. -4.0}| -1.5 to -4.0] -1.5 to -4.0] -1.5 to -4.0 =- = = i 
Cc Silbes Hhreshold) Voltage Lie roles ee 8 leur Von 5 CaN sa a 


: Drain-Source © _ 2 
hel pens me Breakdown Voltage ie rion oe —— ‘: Vs6 i 


Source-Drain ‘ 
i = = as = = we =. Vv = . 


ves oo Easy 
sl f= | ec a oan 
el se a | | ee 
a comme 
Ez 

Ea 


Drain Guarded 


Gate Guarded VGB he 


A he Drain: Body. 6 Typ* 6 Typ * Vsp =0,VpR=-5V_ | Gate and Source Guarded 
db Capacitance SB~ “DB 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. MABB 


TYPICAL CHARACTERISTICS 


DS(on) YS VGs y 
and Temperature IS(off) vs Temperature Capacitance vs Vpp and Ves 


LL dT i ieesheligh oil 
LT chee ae eta 
HH Haas teste 


Cd(on) (Veg = —30 We 
PLT ere | LY 
ert | | | | 


Cab 9VepD =0V) 


C — CAPACITANCE (pF) 


Ig — GATE CURRENT (mA) 
LEAKAGE CURRENT (nA) 


DS(on) — DRAIN-SOURCE ON RESISTANCE (OHMS) 


105 —30 —20 
Vgs — GATE-SOURCE VOLTAGE (VOLTS) Vpp — PULL-UP GATE-BODY VOLTAGE (VOLTS) T — TEMPERATURE (°C) Vpp OR Vsp — DRAIN-BODY OR 
SOURCE-BODY VOLTAGE (VOLTS) 
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Monolithic 4-Channel cg 
Enhancement-Type MOS FET ~~ 
Switch 

designed 1OF is BENEFITS 


ee Switching Analog Signals @® Reduces External Component Requirements 


O Internal Zener Diode Protects the Gate 
e ° O Four Switches Per Chip 
& 
Multiplexing O Intergrated MOS FET for Each Gate to 
Provide ‘’Pull-Up’’ Current for Gate- 
Driver Circuit 


DESCRIPTION 


The G123 contains four enhancement-mode P-channel MOS FETs designed to function as analog switches. In the ON state 
each switch will conduct current equally well in either direction, and in the OFF state each switch will block voltages up to 
20 V peak-to-peak. The switches are integrated on a silicon substrate (body). Separate source and gate connections are 
provided for each switch; the drains are connected in pairs to two drain terminals. Functions of the drain and source 
terminals may be interchanged with comparable performance. Each gate terminal (G) is provided with a normally-OFF 
“oull-up’’ MOS FET which may be turned ON to provide a current source to a gate-driving circuit. The pull-ups are turned 
ON or OFF by connecting the “‘P’’ terminal to a negative supply or to the ‘‘B”’ terminal respectively. 


PIN CONFIGURATIONS 


FUNCTIONAL DIAGRAM 


Flat Package 


B (V+)* 
7 8 
TOP VIEW 


ORDER NUMBER: G123AL 
SEE PACKAGE 5 


*Common to Substrate and Base of Package 


Dual-in-Line Package 


TOP VIEW 


ORDER NUMBERS: G123AP OR G123BP 
SEE PACKAGE 11 
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G123 


ABSOLUTE MAXIMUM RATINGS Operating Temperature (A Suffix)...... —55to125°C 
(B Suffix). ..... 20 to 85°C 


Vp toVs Oh Oat Mechel es a 3h te A See ON Rae SOA. Power Dissipation” : 
Vp toVp.....-- Peter et eee seen 2 to 30 V Flat Packager @-c mmem: eS yee yO Oy OS 756 mw 
VETO VG cietaieke Sisters naar a Oe wast A A Ma HE +30 V 14:PintDIPt tt, TO 
VB tO VG OFVP. seer be ke ee Bee AE Wd, *All leads soldered or welded or PC board. 
Mile eee Vide eeepc ect HRUDRE Ea bla lany 100 mA **Derate 10 mW/°C above 75°C. 
le aVaLe? ioe ats E een tied eile See AmeieleLocel shh lee eh mia 7 enh Celta ah 5 mA ***Derate 11 mw/c above 75°C 
AB Geese hoe Vay ee aryl say kis 1a. daw aoe Weare ..... 100A : 
Storage Temperature .. 0.0... P32 308% -65 to 150°C 
" 
a 
ELECTRICAL CHARACTERISTICS ‘ 
All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits ‘ 
to assure conformance with specifications. : 
; 
bance hsLiiod ks TEST CONDITIONS, UNLESS NOTED: F 
CHARACTERISTIC EE a a eee B SUFFIX Vpp = 0, Vee 


25°C 125°C 
Drain-Source “ = et ri 
a bo a 200 250 250 250 300 2 | Vpg=-10V,Vgp=-20V |ig=-1mA ; 
os e000 00 | oe] [vp g 20, Ven = OV 


Source OFF ee be a 
Store Leakage Current ee eee eo ee VSD nan 6D ? t 
Drain OFF Wes | 
rain 
sight Leakage) Current FEES eas feta [ec Boas cess | 
rive bite sale leboien| pyar eee hase alee Me pete Ves oh 
Gate-Channel 
-0.5 -500 5 s =- 
SS Leakage Current fe Ee eS ee eee = Ea i 
Gate-Source Fi 
-1.5 to —4.0] -1.5 to -4.0] -1.5 to —4.0] -1.5 to —4.0 | -1.5 to -4.0 | -1.5 to -4.0 ee = = 
ay Threshold Voltage -1510-40] -15 10-40] -1510-40|-1510-40| 1510-40) Oe ee ee 
; Drain-Source ” * % 
mae ire Breakdown Voltege 2 ia oe a i % fe we 
; Source-Drain r x . 
Besos “nh Breakdown Voltage i < aati ee i th 
BVene Mn ey -35 to -90 | -35to-90 | -35to-90 | -35to-90 | -35to-90 | -35 to -90 Ig =-10 nA ‘ 
GBS Breakdown Voltage G bs { 
F Pull-Up Gate-Body fe 2 
BVpps Min 5 sakdown Voltage | 2210-90 | -35to-90 | -35 to -90 | -35t0-90 | -35 to -90 | -35 to -90 Ip =-10 uA, Veg =0 
Gate-Source 
the eopcenancg Reis a hy Eee 3 cow eaeaner | fe ble Eoenaase | pein carded | 
Gate-Drain Vos = Vsp = 0 
Cc * * 
oh CaBaciiancs beens & Me Me [tere | Eiewrena ed ne fee | Body Guarded So = 
C Drain-Source ou Hee Wea F Vv 
ds(off) OFF Capacitance age ca UNA pP 


= 


Vps = -20 V, Ves = 0, Vsg = 0 


QO-APAN 
ee 


N 


Ww 


Drain Guarded ff 


Gate Guarded 


eMart) 


S -Bod 

Csb Efciahc. 2 Typ* Fao | 2 Typ* Rereveasl Vpp =0,Vsg=-5V_ | Gate and Drain Guarded 
Drain-Body Mi = . s 

Cdb Capacitance 6 Typ oa 6 Typ Presid Vsp = 9,Vpg=-5 V Gate and Source Guarded 


*Typical values are for DESIGN AID ONLY, not guaranteed and not subject to production testing. 


= 
sw 


TYPICAL CHARACTERISTICS 


"DS(on) YS VGS 
and Temperature IS(off) VS Temperature Capacitance vs Vpnp and Vgs 


ia Ca(on) (VoB =—30V) pe 
mart iaw, 

Bae P eee ral | 

FR as Neo ed a 


pp Uy 


C — CAPACITANCE (pF) 


| 
w 
ro) 


a 
= 
x 
2) 
w 
Oo 
2 
q 
ke 
2 
a 
w 
c 
2 
° 
w 
Oo 
c 
2 
o} 
4 
2 
4 
a 
(a) 
| 
r 
a 
77) 
5 


Vg — GATE-SOURCE VOLTAGE (VOLTS) T — TEMPERATURE (°C) Vpg OR Vgg — DRAIN-BODY OR Vpp — PULL-UP GATE-BODY VOLTAGE (VOLTS) 
SOURCE-BODY VOLTAGE (VOLTS) 
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Stresses listed under “Absolute Maximum Ratings” may be applied (one at a time) to devices without resulting in 
permanent damage. This is a stress rating only and not subject to production testing. Exposure to absolute 
maximum rating conditions for extended periods may effect device reliability. 


Low-Power Triple 7 
Operational Amplifier Siliconix 
designed TOM. 3. | ' BENEFITS 


® Low Cost and Compact 


@ Instrumentation Amplifiers 3h SuAniotiigeeneCOna:Packade 


Buffer Amplifiers 


@ Easily Tailored to Optimize Circuit Perfor- 
mance 
O Programmed Supply Current 


i 
& Voltage Comparators © Operates with £1.5 V to +15 V 
ia 


@® Very Rugged 
Low-Drift Sample and Hold © +30 V Differential Input Voltage Range 


° ° © Drives Large Capacitive Loads < 1000 pF 
Circuits © Continuous Short Circuit Protection 


= Active Filters 
= Battery-Powered Circuits 


DESCRIPTION 


The L144 is a monolithic low-power triple operational amplifier stabilized for all feedback configurations and capacitive 
loads by internal gain compensation. Low power requirements permit high voltage operation across the rated temperature 
range, as well as battery operation from +1.5 V. 


SCHEMATIC DIAGRAM (One Amplifier) PIN CONFIGURATIONS 


Flat Package 


TOP VIEW 
*COMMON TO SUBSTRATE AND BASE OF PACKAGE 


SE ORDER NUMBERS: L144AL OR L144BL 
CURRENT SEE PACKAGE 5 


Dual-In-Line Package 


TOP VIEW 
ORDER NUMBERS: L144AP OR L144BP 
SEE PACKAGE 11 
L144CJ 
SEE PACKAGE 7 
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L144 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 
Differential Input Voltage 
Input Voltage” (A Suffix) 
(C Suffix) 
Output Short Circuit Duration** 


+18 V 
+30 V 
+18 V 
+15 V 


Operating Temperature (A Suffix) . . . -55to+125°C 
(B Suffix) . . . -20to+85°C 


(C Suffix) 


0 to +70°C 


Storage Temperature (A and B Suffix). . .—65 to 150°C 
(C Suffix). . capes .—65 to 125°C 


Lead Temperature (Soldering, 60 Sec) . 
Power Dissipation (Package) *** 

Flat Package 

14 Pin DIP 

Plastic DIP 


ELECTRICAL CHARACTERISTICS 


*For supply voltages < +18 V, maximum input voltage 
is equal to the supply voltage. 


**Continuous short circuit is allowed for case tempera- 
tures to +125°C and ambient temperature to +70°C. 


*** All leads welded or soldered to P.C. board. Derate 
10 mW/°C for the flat package, 11 mW/°C for the 
14 pin DIP above +75°C and 6.3 mW/°C above 25 C 
for the plastic DIP. 


All DC parameters are 100% tested at 25°C. Lots are sample-tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


rc 
= 
Ht 
> 
— 
oO 


CHARACTERISTIC 


Input Offset 


Vos Voltage 


Average Temperature 
dVos/dT _— Coefficient of 
Input Offset Voltage 


Input Offset Current Bef 
ee 

Pax | =200_| 

jalan as 
ne 


Output Short 
Circuit Current 


ue} 


=< 
* * 
* * 


DC Open Loop 


AVOL Voltage Gain a 


ao 
17 ; Unity Gain of 
Bandwidth 


Sool IPS Becrosstal aa Re oa k 


Conner Mode 


CMRR 
Rejection Ratio 


Power Supply 


aati. | ga 
Rejection Ratio pirype | aera 
id 


*\cc is adjustable. See typical characteristics. 


2 
2 
22 

PSRR 
2 


(o) 


L144C 


TEST CONDITIONS, UNLESS NOTED: 
UNIT Vg = +15 V, Ry =50KQ, 
Rset = 3 MQ2* Pin 1 to Pin 14 


mV | Rg <50K 2 


uVi°C | Rg <50KQ 


Vs = +1.5 V, Rget = 120K 2 


w 
o 


= 
a i 
N 


= 100 Hz 


Vin=t12V 


uA Unity Gain Vjjy+ = 0 on all amps 


> 


CMAC 


“*Typical values are for DESIGN AIQ ONLY, not guaranteed and not subject to production testing. 
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TYPICAL CHARACTERISTICS (T, = 25°C) 


vPL 


Open Loop Gain vs Gain-Bandwidth Product 
Frequency vs Supply Current 


UN A 
TIA 


DC OPEN LOOP GAIN (dB) 
GAIN-BANDWIDTH (MHz) 


100 uA 1mA 
f — FREQUENCY (Hz) ISUPPLY 


Slew Rate vs DC Open Loop Gain DC Open Loop Gain 
Supply Current vs Temperature vs Supply Current 


Vg = +1.5>+15 V Ri = 20kQ 
Sn a eee 

fa oes eel oa lg 

Ut re 

i — oe 


wo 
a 


wo 
a 


SLEW RATE (V/usec) 


fees 

EEER@2miz 

E Baie 
DC OPEN LOOP GAIN (dB) 


DC OPEN LOOP GAIN (dB) 


RS Sead SST BS 
oa 3o56 tall eee oaaal 
rE ae ee 


-20 20 60 100 140 
IsUPPLY (HA) T — TEMPERATURE (°C) 


10 nA 100 pA 1mA 
ISUPPLY 


Supply Current vs Set Input Bias Current vs Supply Current vs 
Resistor and Supply Voltage Supply Current Temperature 


Peon | “i ” —== FA 


Rset (Mo) 


INPUT BIAS CURRENT (nA) 
r=) 
r—) 
| — SUPPLY (uA) 


20 60 


SUPPLY VOLTAGE (Vv) TEMPERATURE (°C) 


ADOUIT - 


Phase Response vs Frequency 


Voltage Follower 
Small Signal Pulse Response 


LA 
Bex |e Wiscoil nema od ig ty a a 
— A cE 
Ee 
sir A 
t — TIME (us) 
100 103 
FREQUENCY (Hz) 


Vo — OUTPUT 
VOLTAGE (VOLTS) 


PHASE LAG (DEGREES) 
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APPLICATIONS 


Instrumentation Amplifier 


V+=15V 


(GND or 
Vos NULL) 


Pp = 135 u.W 
Vos (TYP) RTI = 0.45 mV 


Precision Phase Splitter 


VOUT - 
VIN 


500 Hz Tone Detector 


BANDPASS FILTER DETECTOR 


D4 Rg 
IN914. 30K Q 


Q, fy, C Q normally from 

10 to 50K chosen for 
component value 
convenience. 


C= C3 50 Cy 

1<K<10 

R7 = Re FOR CONVENIENCE 
IN THIS CIRCUIT: 
Ho = 10 
fo = 500 Hz 
Q=25 
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Active Filter 


vt+=10V 


Double-Ended Limit Comparator 


Vout = “LOW” WHEN: 


VHIGH> Vin> VLow 
DIRECT CMOS OUTPUT 


SCHMITT TRIGGER 


VHIGH = 


VLOW= 


Vref RB + 14 RA 
Ra+ Rg 


Vref Rp - 14 Ra 
Rat Rp 


INTRODUCTION 


The L144 is a monolithic triple operational amplifier circuit 
with an external programming feature for power dissipation 
and input bias current control. It finds application in RC 
active filters, instrumentation amplifiers, micropower com- 
parators, and numerous general signal processing circuits. The 
L144 is a practical industry standard op amp wherever low 
current drain, low voltage, low power, or very small physical 
size are the controlling criteria. 


This Application Note describes the L144, how to program 
it, what the effects of slew rate limiting are, and some prac- 
tical circuit applications. 


The L144 has three operational amplifiers programmed by 
one external current setting resistor. It operates from power 


5 


. | Siliconix 

Function/ Application of the 
L144 Programmable Micropower 
Triple Op Amp 


supplies ranging from +18 V to as low as +1.5 V with quies- 
cent supply currents of from 10.uA to greater than 1 mA 
independent of supply voltage. The schematic shown in Fig- 
ure 1 reveals a general-purpose PNP input transistor op amp 
with an outstanding difference. The master bias current is 
not set by an internal resistor strung from V* to V~, but is 
brought out to an external pin. This allows the user to deter- 
mine the operating currents of each stage through a system 
of current mirrors. Of special interest to the designer are the 
equal collector currents of Q; and Q5, which are derived 
from the output of Q4. These collector currents, divided by 
a beta of approximately 50, determine the input bias currents 
for each amplifier. The ratio between the set current and the 
collector current of Qg is unity, which allows one to program 
the input bias current simply by changing the set current 
input of the device. 


ONE AMPLIFIER 


CURRENT 


L144 Schematic 
Figure 1 
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Input Bias Current and Supply Current 


The relationship between supply current, supply voltage, and 
the setting resistor is shown in the graph and set current 
model of Figure 2. The two diodes of the set current model 
correspond to the base-emitter junctions of Q)¢ and Qy7. 


RSet (M2) 


SUPPLY VOLTAGE (Vv) 


L144 SET CURRENT MODEL 


vi V+ OR GND 


Supply Current vs Bias Resistor and Supply Voltage 
Figure 2 


Figure 3 shows the essentially linear relationship between 
input bias current and total quiescent supply current for the 
L144. The low input bias currents at low supply current 
levels allow the L144 to maintain good input specifications 
even with the large feedback and load resistor values normal- 
ly encountered in micropower applications. 


The slightly lower input bias currents at the higher supply 
voltages are due to the narrower base width and higher beta 
encountered at Vo = +15 V. 


INPUT BIAS CURRENT (nA) 


: 
i 
ee 
Vi 
VA 
E 


ey 
= 
jz 
tell 
Za 
‘i 


= 
= 
ie 
nak 
= 
aes 
Ze 


IsupPLY (#A) 


Input Bias Current vs Supply Current 
Figure 3 


Frequency Response 


At the data sheet standard supply current of 250 wA the 
typical Bode plot is as shown in Figure 4. The low frequency 
gain of approximately 95 dB rolls into a uniform —20 dB/de- 
cade slope until after the 0 dB unity gain crossing point. The 
variation of open loop gain with temperature is typically 
-2 dB per 100°C of temperature rise. The 600 kHz unity 
gain crossover gives a gain bandwidth product (GBWP) of 
600,000. Figure 5 shows the variation of GBWP with sup- 
ply current. 


DC OPEN LOOP GAIN (dB) 


f — FREQUENCY (Hz) 


L144 Open Loop Gain vs Frequency 
Figure 4 


GAIN-BANDWIDTH (MHz) 


ISUPPLY 


L144 Gain Bandwidth Product vs Supply Current 
Figure 5 


The vertical axis is linear whereas the horizontal I¢c axis is 
logarithmic, demonstrating that the GBWP does vary with 
Icc, but at much less than the 1-to-1-+ratio observed for 
other parameters. 


Slew Rate 


Slew rate is almost a direct function of supply current as 
shown in Figure 6. This follows from the fact that slew rate 
limiting is actually caused by the finite limits of the internal 
current sources (which charge and discharge the second stage 
compensation capacitor) varying with the externally-deter- 
mined set current. An amplifier output changes from the 
small signal response shown on the Bode plot to a slew-rate- 
limited response when the rate of change of the output 
voltage exceeds the rate of change determined by slew rate 
limit of the amplifier. Since the maximum rate of change of 
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TTT 
CONT 


SLEW RATE (V/usec) 


mann 
Ham MmBenaa 
1 


00 


PT TTI TT 
il 


BSF 111i)! CW Belli e810) 


ISUPPLY (HA) 


Slew Rate Limits vs Supply Current 
Figure 6 


a sine wave is a function of peak amplitude it is possible to 
trade maximum frequency for peak signal amplitude when 
operating at low power dissipation levels. Figure 7 shows 
the derivation! of an equation relating slew rate S,, sine wave 
amplitude Vppax, and frequency. The zero crossing of a 
sine wave is the point of maximum rate of change as shown 
after the derivative is taken and maximized. In both of the 
examples shown the maximum undistorted operating fre- 
quency is kept constant while juggling power dissipation, 
slew rate, and peak amplitude in an engineering tradeoff. 


Vout = Vpeak sin 2n ft 


dV 
Out = Voeak 27f cos 27 ft 


dV out] _ 


2 Vpeak 27t 


t=0 
dV, 
S,= ae = Vpeak 27fmax 
max 
IsuPPLY = 820 BA, S; =1.5 V/ysec IsuPPLY = 60 uA, S; =0.15 V/psec 


Pp = 24 MW, Voeak = 10 V Pp = 1.8 MW, Vpeak = 1V 


fmaxt= =~ = 24 KHz nee = 24 KHz 


Vpeak 27 Vpeak 27 


Slew Rate Limiting 
Figure 7 


Instrumentation Amplifier 


Figure 8 shows a single L144 chip used to construct a three- 
amplifier classical instrumentation amplifier. The entire cir- 
cuit consumes only 135 uW of power froma +1.5 V power 
supply. With a gain of 101 the instrumentation amplifier is 
ideal in sensor interface and biomedical preamplifier appli- 
cations. 


Siliconix 


75 KQ (GND or 
Vos NULL) 


iB 2R2 
Ay=1+ Ry 


Vos (TYP) RTI = 0.45 mv 


L144 Instrumentation Amplifier 
Figure 8 


The first stage provides all of the gain while the second stage 
is used to provide common mode rejection and double-ended 
to single-ended conversion. The resistor R, determines the 
gain of the circuit according to the equation: 


(1) 


The reference point at the base of R7 can be used to deter- 
mine the quiescent output voltage when there is no differen- 
tial input voltage. This provides an easy single point to zero 
any net offset voltage (typically 0.45 mV referred to input) 
and/or to insert a trim resistor to improve common mode 
rejection ratio (CMRR). The CMRR depends heavily on the 
match between R4/R¢ and Rs/R7 and can be nulled if R7 
is broken into a resistor and a small-value trim potentiometer. 
Figure 9 shows the voltage gain and CMRR versus frequency 
for a typical instrumentation amplifier. The upper curve 
shows a calculated CMRR referred to input. The falloff and 
final rise in CMRR is due to the mismatch in gain rolloff 
between amplifiers in the first stage followed by a falloff in 
gain and consequent increase in rejection of the second stage. 


CMRR AND Ay (dB) 


1K 
FREQUENCY (Hz) 


Common Mode Rejection Ratio and Gain vs Frequency 
Figure 9 
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BANDPASS FILTER 


DETECTOR SCHMITT TRIGGER 


Tone Detector Circuit 


Tone Detector 


Another example of a single L144 providing the amplifiers 
for an entire system is shown in Figure 10. This tone detector 
circuit is made up of a two-amplifier multiple feedback band- 
pass filter followed by an AC-to-DC detector section and a 
Schmitt Trigger. The bandpass filter (with a Q of 25) passes 
only 500 Hz inputs which are in turn rectified by D; and 
filtered by Rg and Cy. This filtering action in combination 
with the trigger level of 5 V for the Schmitt device insures 
that at least 55 cycles of 500 Hz input must be present before 
the output will react to a tone input. The actual integrating 
capacitor waveform shown in Figure 11 was taken with a 1 
volt peak 500 Hz sine wave input. The ratio between capaci- 
tor Ca charge and discharge is 1:11, due to resistors Rg 
and Ryo: 


For frequencies other than the 500 Hz center frequency 

0 6) 
shown in the example the relevant bandpass filter- equa- 
tions are: 


GIVEN: Q, fo, Ho (Q normally from 10 to 50) ~—_ (2) 


LET: C= €3=:04 
1 <k < 10 (k chosen for component 
value convenience) 


Figure 10 


In the example shown in Figure 10 the chosen value of k = 2 
and the passive components used resulted in a measured Q 
of 23.1. The center frequency of 495.7 Hz and H, of 9.9 
were close to the calculated values of 500 Hz and 10. 


The detector RC was designed to have'a 3. dB. down fre- 
quency of: 


fo 


'3dB = 700 M7 


while the Schmitt trigger operated around the reference 
voltage with trip points determined by: 


VREF Rpt 14 Ra 
Ra + Rp 


VHIGHS (10) 


‘ _ VREF Rp - !4Ra 
LOW Rat+Rp 


(11) 


where +14 V is the output swing with +15 V supplies. The 
measured trip points agreed with the calculated values of 
5.089 V and 4.81 V within 0.2% in the circuit of Figure 10. 


1 V/cm — 


10 msec/ cm 


Detector Output Voltage vs Time 
Figure 11 
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3 Amplifier Active Filter 


The active filter shown in Figure 12 is a state variable filter 
with band-pass, high-pass and low-pass outputs. It is a classi- 
cal analog computer method of implementing a filter using 
three amplifiers and only two capacitors. With the L144 
triple op amp it becomes cost-effective to use this configura- 
tion with its attendant high Q values and low sensitivities.° 
The practical maximum value of Q is: : 


Af, 
Qmax = Bers (12) 


3 Amplifier Active Filter 


where Ag, is the open loop gain of amplifier A, at the Figure 12 
resonant frequency. 


The controlling design equations are: 


GAIN (dB) 


GIVEN: Q, fy, and Hy (bandpass output) (13) 


LET: R5=R6=R7 (Chosenforcompo- (14) 
Cr-C> nent value convenience) 


R A 
ee eyo forlig<<— (15) 


3 BAND-PASS 


GAIN (dB) 


Ho 
N02 TaatsQ: (16) 


R)C,= (17) 


2mf Hy 


LOW- 
The design example shown in Figure 12 was calculated as fe 


follows: 


= 
Se 
= 
< 
re) 


CET: Q=26 
ie KHz 
Ha.-. 26 
hea, = Ra 20K 
Cae 65 = 008 pF 
R3 = 10k 


FREQUENCY (Hz) 


Bode plots of Active Filter Output 
Figure 13 


Micropower Double-Ended Limit Detector 


The double-ended limit detector shown in Figure 14 uses 


O 


R2= dap Cy 7 19-9K * 20k 


Ry = 19.9k ~ 20k 


Roe. Cy 


giving an actual calculated f,, and H, of 


BEE 3 (22) 
Ho=W/3(1+ Ro) 


f 2 Ho 994.7 H (23) 
— ad f 7. 
ne Ry Cy Ho 2n RQ Co Q Vout = “LOW” WHEN: 
VHIGH > Vin > VLow 
Pp = 290 u.W DIRECT CMOS OUTPUT 
The measured values of Q, Ho, and f, using 1% components 


were 26.9, 26.3 and 996 respectively. Figure 13 shows the Micropower Double-Ended Limit Detector 
Bode plots of the high-pass, band-pass, and low pass outputs. Figure 14 
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gate to make a very low power voltage monitor. If the input 
voltage Vyx is above VyyGy or below Vy ow the output 
will be a logical high. If (and only if) the input is between 
the limits will the output be low. The 1 MQ2 resistors Rj, Ro, 
R3 and Rg translate the bipolar +10 V swing of the op amps 
to a 0 to 10 V swing acceptable to the ground-referenced 
CMOS logic. 


Total power dissipation is typically 290 uW while in limit 
and 330 pW while out of limit. Within the +9 V input range 
of the circuit the comparator resolution is typically 2 mV 
with the offset adjust determined by trimming VyyyGy and 
Viow: Since the L144 is operating at only 14.5 wA of sup- 
ply current the slew rate is a corresponding low .063V/usec. 


CONCLUSION 


The preceding practical circuit examples are intended to 
show a few of the many possible applications of the L144 
micropower triple op amp. 
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Micropower Quad Ss 


Comparator 
designed for... 


Voltage Comparators 
Window Comparators 
Level Detectors 
CMOS Line Receivers 
Oscillators 

Ramp Generators 
Phase Comparators 


DESCRIPTION 


LOLT 
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BENEFITS 


@ Minimizes System Power Requirements 
O Operates on 15 uW 


@ Reduces External Component Requirements 
O Programmable Output Drive Capability 
© Direct Wire-OR of Output 
O Input Sensing Near Ground 
© Direct CMOS Logic Compatibility 


@ Easily Tailored to Your System 
O Single Programming Resistor Simultan- 
eously Alters Supply Current, Input Bias 
Current, Slew Rate and Power Consump- 
tion 
@ Minimizes Number of Supply Voltages in 
Your System 
O Operates with +1.0 V to +18 V 


Battery Powered Circuits O Single Supply Operation 


The L161 is a monolithic quad micropower comparator circuit, with an external control for varying supply current, input 
bias current and output current drive. This is accomplished by a single resistor connected to V+: which controls the bias 
current to Q19 which, via a series of current mirrors, supplies bias to the differential amplifier. The L161 finds applications 
in areas where low powered battery operation and CMOS compatibility are required. The ability to control comparator 


characteristics makes this a very versatile device. 


SCHEMATIC DIAGRAM (ONE COMPARATOR) PIN CONFIGURATIONS 


Flat Package 


BIAS NETWORK 
(COMMON TO 
ALL FOUR TOP VIEW 


COMPARATORS) ORDER NUMBERS L161AL 
OR L161BL 
SEE PACKAGE 17 


Dual-In-Line Package 


TOP VIEW 


ORDER NUMBERS L161AP 
OR L161BP 
SEE PACKAGE 12 
ORDER NUMBER L161CJ 
SEE PACKAGE 8 
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ABSOLUTE MAXIMUM RATINGS. 


+18 V 
+30 V 
+18 V 
saa py, 


Supply Voltage ee; 
Differential Input Voltage . 
Input Voltage” (A Suffix) . 
(B Suffix) . 
Output Short Circuit Duration** 
Operating Temperature (A Suffix) 
(B Suffix) 
(C Suffix) 
| Storage Temperature (A and B Suffix) . 
(C Suffix) 
Power Dissipation” ** 
Flat Package 
16 Pin DIP (Side Braze) 


(Indefinite) 
-55 to +125°C 
-20 to +85°C 
0 to +70°C 
-65 to +150°C 
-~65 to +125°C 


750 mW 
900 mW 


ELECTRICAL CHARACTERISTICS 


16 Pin Plastic DIP 


470 mW 


“For supply voltages < +18 V, maximum input voltage 


is equal to supply voltage 


*Continuous short circuit current is allowed for case 


a to +125°C and ambient temperature to 
+70°C 


*** All leads welded or soldered to PC boarel Derate 


10 mW/*C above 75°C for the flat package, 12 mW/°C 
above 75°C for the sidebraze DIP and 6.3 SHAS 
above 25°C for the plastic DIP. 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters and high and low temperature limits to 


assure conformance with specifications. 


Low Power Characteristics 


L161A L161B/C 
Characteristics Unit 


-55°c | 25°C | +125°c ae a oe 
70°C 


Mex ra a ob [aa om 
(sa ee 


Input Offset 
Voltage 


Input Offset 
Current 


\ Input Bias 
BT Current, Total 
x DC Open Loop 

vol Voltage Gain 
Low Output 


Vv 
OL Voltage 


4 CVHCO 


High Output 


Vv 
OH Voltage 


coe 


Common Mode 
Rejection Ratio 


CMRR 


Power Supply 
Rejection Ratio 


Supply 
Current 


PSRR 


300 


<rvvcnin—-2Z2p2<o 


Test Conditions, Unless Otherwise Noted: 
Vs =+3V, Iser =10uA, Ri = 10M 2 
C, = 10 pF 


Ry = 20K 2 


ie | RL =20KQ | 


See Note 1 
= 200K 2 
= 200K 2 


100 mV Overdrive 


All Inputs Grounded 


*Typical values are for Design Aid only, not guaranteed and not subject to production testing. 


NOTE: 


1. The output current drive of the L161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The output pulldown 
current pulldown current capability is typically 75—150 times the pullup current. 
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ELECTRICAL CHARACTERISTICS (Cont'd) 


+125°C 0°C/ 
=20°€ 


High Power Characteristics 


L161A L161B/C 


70°C/ 
+85°C 


Characteristics -55°C 


C, = 10 pF 


ae 
® 
x 


Input Offset 
Voltage 


< 
2) 
n 


4 

=< 

ne} 
* 


| 
@ 
x 


Input Offset 
Current 


a 
n 


bool [ieee ee ira Sy ate 
r SE Nie ili ae 
N 
: Fe ET a feo: BE 
u Teme | eae 
T v9 
We igen eae Fg a ei cedenaes denooe 
wt et at at at at 
25.0 
Ay owes V/mV 
U 
ee Note 
WITT High output icone <2| |) leyeseelo pe Ry = 200K 2 
z ce PC] RCE a RE VC re” 8 rere 
D i +#113/ +13/ 
S|) cman Common Mode COS SSeS Ne WN Sine. 
718 | osan Power Supply ———— + 
19 Supply wax | 4000 3500 3750 4000 — 3750 All Inputs Grounded 
IBAJ 


*Typical values are for Design Aid only, not guaranteed and not subject to production testing. 

| NOTE: 

1. Set current (Isey) and supply current (IsUppLy) can be determined by the following formulas: IseT = 
ISUPPLY~ 21 x ISeET- 


TYPICAL CHARACTERISTICS (Ty = 25°C, Voyppr y = +15 V unless otherwise noted) 


RSET 


Input Bias Current vs Supply Current Supply Current vs Temperature 


100 


1K 


[(+V) — (2Vg_e) — (-V)] 


Rset Ys VsupPcy for 
Various ISUPPLIES 


che 


Ig — SUPPLY CURRENT (uA) 
Roget — SET RESISTOR (M2) 


Ipias — INPUT BIAS CURRENT (nA) 


— i 
P01 meni Be ly 
61 a0 
Itt Huth 
of UM LT : 


iJ 10 100 1K 10K 


+2 +5 +10 
Vg — SUPPLY VOLTAGE (VOLTS) 


IsyppLy SUPPLY CURRENT (uA) T — TEMPERATURE (°C) 


Slew Rate vs Supply Current Voltage Gain vs Temperature 


220 


Is A PN 
See oe come ott 


NEGATIVE 


uae aae 
PL AT | frosinve 


ny GY ical 


Ig — SUPPLY CURRENT (uA) T — TEMPERATURE (°C) Ig — SUPPLY CURRENT (uA) 


Ay — VOLTAGE GAIN (V/mv) 
Ay — VOLTAGE GAIN (V/mvV) 
g 


(st/A) JLVWH M31S NOILISNVYL AAILISOd 


NEGATIVE TRANSITION SLEW RATE (V/us) 
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Test Conditions, Unless Otherwise Noted: 
Unit Vg = +15 V, Igeqz = 100 vA, Ry = 2M 2 


Voltage Gain vs Supply Current 
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TYPICAL CHARACTERISTICS (Cont'd) (Ta = 25°C, VsyppLy =+15 V unless otherwise noted) 


Vout (VOLTS) 


a Rise Time vs Supply Current Fall Time vs Supply Current 
Transfer Characteristic with One CMOS Load with One CMOS Load 
+15 Vsuppcy = 115 V Pe a = 
Tp = 25°C LA ee z ios les] 
+10 rr a eS 
2 
of eal al z 2 eee 
i aes : : ais 
ern LD : > | | 
a & eet aat 
: ze 
zi a | | 
TZ Teka aia q > 
oer ahead 2 g 
) DB 
3 Z 
ea Se 
-200 -100 0 100 200 1 10 100 


Vin — DIFFERENTIAL (xV) RISE TIME 10% TO 90% (us) FALL TIME 90% TO 10% (us) 


Response Time vs Input Overdrive Response Time vs Input Overdrive 
Negative Transition Positive Transition 


| ee a De 20 mV 
aS SE 


Vin (mV) 


5 mV 


VouTPuT 
(VOLTS) 


isc ci a 

TN eee 

3 [iene Nea 

tS 
0 1 2 


TIME (us) 


VouTPUT 
(VOLTS) 


TIME (us) 
Note: 
The output current drive of each comparator in the L161 is non-symmetrical. The pull-up current is 
typically 2 [V+ — 1 — (V—)/Rseq] and the pull-down current capability is typically from 75 to 150 
times the pull-up current. 
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R2 
100K 22 Q5 
2N4400 


R3 
100K 22 


Rq 
100K 2 


For V=+5V 
Pp = 60 u.W 


Double Ended Limit Detector Voltage Level Detector 
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APPLICATIONS (Cont‘d) 


CMOS Line Receiver 


Ccomp 


ii 0.001 


The L161 as an X100 Operational Amplifier 


ISUPPLY = 350 uA 


Squarewave Oscillator 


A Versatile 2¢ Pulse Generator 
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560K 2 -12V@5mA 


A Regulated DC to DC Converter 


ISUPPLY = 10 HA 


Rset 
22 MEG Q 


13 


2N4274 


A Low Battery Indicator 
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INTRODUCTION 


The L161 is a monolithic quad micropower comparator 
with an external control for varying its AC and DC charac- 
teristics. The variation of a single programming resistor will 
simultaneously alter parameters such as supply current, input 
bias current, slew rate, output drive capability, and gain. 
By making this resistor large, operation at very small supply 
current levels and power dissipations — typically in the low 
microwatt region — is possible. The L161 is therefore ideal 
for systems requiring minimum power drain, such as battery- 
powered instrumentation, aerospace systems, CMOS designs, 
and remote security systems. 


Description 


The L161 is fabricated on a 48 x 54 mil chip using standard 
bipolar processing. The circuit (Figure 1) is composed of 
five major blocks — four comparators and a common bias 


Siliconix 


Function/Application of the L161 
Micropower Comparator 


network. Q;-Q¢ and D, form a darlington differential am- 
plifier with double-to-single ended conversion. Q¢ is a dual ~ 
current source whose outputs are exactly twice the current 
flowing through Qg. The collector current of Qg isa func- 
tion of the current supplied externally to Qg-Q 0, which in 
turn is known as the set current or Igp7. This set current is 
established by a resistor connected between the Igpy ter- 
minal and a voltage source, most commonly the positive 
supply. Q; prevents excessive current from flowing through 
Qg and Qj in the event the Igp7 terminal is shorted to the 
positive supply; it has no effect on circuit operation under 
normal conditions. 


The set current can be expressed as: 


[(+V) - (2Vpp) - (-V)] 
RSET 


ISET = 


BIAS CIRCUIT, COMMON TO 
ALL FOUR AMPLIFIERS 


c 


Schematic of One Channel of the L161 
Pius the Common Bias Network 
Figure 1 
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where +V is the voltage to which the control resistor is con- 
nected, —V is the negative supply voltage, Vpp is the base 
emitter drop of Qg or Qo (about 0.7 V), and Rep is the 
value of the external control resistor or set resistor. Equation 
1 is simply a derivative of ohms law. There is also an analyti- 
cal relationship between Igpy and the total supply current: 


IsuppLY = (ser (current sourced by Q¢ to Qg) 


+ 2Igpy (current sourced to the differen- 
tial amplifier by Q¢) 


+ 2 Igp7z (current sourced to the compara- 
tor output by Q6] 


x 4(the total numbers of comparators) 


+ Igpp (current sourced through Q1}, 
Qj0, and Qg to ~V) 


sett 2Ispept 2Ispy] x 4+ Isp 


21 IsET 


The output current pulldown capability (Io,) of the L161 
is about 2 orders of magnitude greater than the high output 
drive current, (Ig}74), which allows wire-ORing the outputs. 
Iox is simply the current sourced by Q¢: 


Ion = 2 XISET (3) 


Ioz, is found by multiplying the current sourced by the 
collector of Q¢ by the gain of Qz7: 


IOL = 6 (Q7) x 2 ISET (4) 
The beta of Qz is about 75-150. 


Input bias current is a function of the betas of input devices 
Q,-Q> and Igpy. This is difficult to express analytically 
because £ varies greatly with both processing and collector 
current; however it is roughly proportional to the set cur- 
rent and can easily be determined experimentally (see Fig- 
ure 2). 


ft— Ht 7A Hi 
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1 100 10K 


Igias — INPUT BIAS CURRENT (nA) 


IsuPPLY — SUPPLY CURRENT (uA) 


Input Bias Current vs Supply Current 
Figure 2 
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Gain varies logarithmically with changes in supply voltage 
and linearly with changes in set current. Primary causes are 
the decrease in output impedance of QJ with decreasing sup- 
ply voltage and an increase in transistor betas with increasing 
set current. Other AC parameters such as slew rate and 
transition time are also effected by set current; however 
current dependent parameters such as beta and chip capaci- 
tances make mathematical expressions imprecise. These rela- 
tionships have been determined emperically and are pre- 
sented in Figures 3 and 4. 


Q 2 
> 180 9158 
<= = 
~ 160 BARS 
e NEGATIVE aan 2 
= el90 TRaNSCION es 
: g 
2 4 
© 100 ar Truce 5 rs) 
A araecauecat 
= 
~ 60 che es 
See By A ee 5 
= 40 ee 
ze Ce : 
9 20 Z| 1 — 
ae nd ee ‘ 
0 
0 200 400 600 800 1000 
IsyuppLy — SUPPLY CURRENT (uA) 
Slew Rate vs Supply Current 
Figure 3 
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RISE TIME 10% TO 90% (us) 


Rise and Fall Times vs Supply Current 
With One CMOS Load 
Figure 4 


The designer’s ability to program the key parameters of the 
L161 enables him to program just enough supply current to 
meet his design objectives. This coupled with the L161’s 
performance using only microwatts of power makes it ideal 
for any micropower or battery-powered system, as well as a 
replacement for existing higher power comparators. The 
following applications illustrate the flexibility and unique 
capabilities of the L161. 
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Micropower Applications 


A classic comparator application is the double-ended limit 
detector or window comparator shown in Figure 5. Voyt 
is high whenever the input voltage is within the two limits. 
Because the Darlington input stage extends the common- 
mode input range below the negative supply, the lower 
limit may be as low as —0.4 V with the V~- terminal at 
ground. A comparison about ground is therefore possible 
with only one supply. 


10 V 


ISUPPLY = 904A 


Double-Ended Limit Comparator 
With Wire OR’d Outputs 
Figure 5 


The L161 is especially suited for this application because of 
its wire OR capability; low output on either comparator will 
pull both outputs to ground. For this example a supply 
current of 90 A was chosen to provide a slew rate of about 
5 V/us. If greater output drive current or decreased transi- 
tion times are needed, lower Ropf. 


The zero crossing detector shown in Figure 6 is useful in 
sine wave squaring circuits and A/D converters. This circuit 
also takes advantage of the L161’s ability to detect signals 
below its negative rail, so only a positive supply is needed. 
The positive input may either be grounded or connected to 
a nulling voltage which cancels input offsets and enables 
accuracy to within microvolts of ground. The CMOS output 
will switch to within a few millivolts of either rail for an 
input voltage change of less than 200 pV. 


The circuit in Figure 6 may be modified to produce a line 
receiver (Figure 7). The trip point is set half way between 
the supplies by Rj and R»; R3 provides over 200 mV of 
hysteresis to increase noise immunity. With 800 uA of qui- 
escent supply current the maximum frequency of operation 
is about 300 kHz. If response to TTL levels is desired, change 
R» to 39K. The trip point is now centered at 1.4 V. 


ISUPPLY = 10HA 
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O 
GROUND 
OR NULL 


Zero Crossing Detector 
Figure 6 
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1 MEG 2 


CMOS Line Receiver 
Figure 7 
Mating the L161 with CMOS logic is natural since the L161 
draws microamps from a single 5 V supply. However, the 
L161 will also drive TTL when a suitable pull-up resistor is 
provided. Figure 8 shows this combination. Total power 
drain of the circuit is much heavier due to the presence of 
the 7402. Propagation delays through the circuit are about 
1 psec: +5.V 


Driving TTL 
Figure 8 
In many situations further power savings can be achieved by 
reducing or eliminating Igpyz during part of the operating 
time. This is desirable. for example, when a system is multi- 
plexed at a low duty cycle. The L161 may be strobed off 
completely by reducing Igp_ to zero as shown in Figure 9. 
The 3N163 P-channel MOSFET is OFF when the strobe 
input is high so no set current flows into the L161. For a 
low strobe input, the 3N163 turns ON, pulling Ropz to the 
positive supply and turning on the comparator. The drain- 
source resistance of the 3N163 (3000 22) is negligible com- 
pared to Rgprf. If the negative supply terminal of the L161 
is returned to ground, the 3N163 may be eliminated and 
Rep connected directly to the output of a CMOS gate. 
The L161 will now be ON when the CMOS output is high. 
When the L161 is strobed OFF, its outputs assume a high- 
impedance state; this “‘three state’’ operation facilitates the 


connection of many outputs to a single bus. 
+V 


STROBE INPUT 
+V = OFF 
GROUND = ON 


Strobing the L161 ON and OFF 
Figure 9 
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The L161 will switch itself into a standby mode if one of its 
outputs is connected to the Igp_ terminal as illustrated in 
Figure 10. The diode blocks current when the output of A; 
is HIGH, and operation of the other three comparators is 
normal. When the output goes low, however, the 1N914 
conducts most of Igpyz to the negative supply. Ioy, is there- 
fore nearly equal to [popy, and (from Equations 2 and 4), 


21lor _ IRSET 
ISUPPLYG St SET(actual):§ BE > 75 (5) 


+V 


HIGH = NORMAL 
LOW = STANDBY 


Switching the L161 to a Low Current 
““Standby’’ Mode 
Figure 10 


if a 6 of 105 is assumed. Equation 5 states that the supply 
current of the L161 is reduced from 21 x Ip, (normal oper- 
ation) to Ip,/10, a factor of 210 (or twice whatever 6 of 
Q- is). Total supply drain is simply the current through 
Ropy. This circuit has an important advantage over the 
previous strobe circuit — even though the L161 is operating 
at a greatly reduced supply current, it is still ON and con- 
tinues to function. If a lesser reduction in supply current is 
desired, connect a resistor in series with the diode. 


+9 V 


ISUPPLY = 104A 


TRIP ADJUST 


2N4274 


A Low Battery Indicator 
Figure 11 


Figure 11 shows an L161 low battery indicator which flashes 
an LED when the battery voltage drops below a certain 
threshold. The 2N4274 emitter-base junction serves as a 
zener which establishes about 6 V on the L161’s positive 
input. As the battery dies, the voltage at the negative input 
drops more quickly; when the low battery threshold (typi- 
cally 7.5 V) is reached, the L161 output goes HIGH. This 
turns on the Darlington, which discharges C, through the 
LED. The interval between flashes is roughly equal to R,Cy, 
which in this case is 2 seconds. By flashing the LED at a very 
low duty cycle, this circuit gives a low battery warning with 
only 10 uA average power drain. 


(L9L1) ZOLNV 


Waveform Generators 


Figure 12 is a square wave generator which is operable to 
over 100 kHz while Figure 13 depicts the typical frequency 
vs capacitance performance of the circuit. The low frequency 
limit is determined only by the size of C;. Frequency is con- 
stant for supply voltages down to +5 V; below that the 
charging rate of C; in the positive direction is determined 
by Igy and not Ry. For lower voltage operation, increase 
Rg (and lower C accordingly) or decrease Rept. 


Ry 
300K 2 


R2 
300K 2 


Squarewave Oscillator 
Figure 12 
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f — FREQUENCY (Hz) 


Frequency vs the Value of Cy 
for the Squarewave Oscillator 
Figure 13 
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To generate pulses the positive and negative charging rates of 
the capacitor must be unequal. Figure 14 illustrates a method 
using diodes and unequal resistors. The duty cycle of the 
output pulse is equal to R4/(R4 + R5) x 100%. For duty 
cycles of less than 50%, Dj can be eliminated and R> raised 
according to the formula, ' 


RexR 
5 * N\4(eff) (6) 
Rs - Raeff) 


R4(actual) = 


where Ra(eff) is the effective value of R> in the circuit and 
Ra(actual) is the actual value used; R4(actual) will always be 
larger than Raeff): A similar analysis could be made for 
eliminating D> when t > 50%. Figure 13 may be used to 
determine frequency (= 1/period) if 1/2(R4 + Rs) = 100K. 


100uS IMS 


Pulse Generator 
Figure 14 


The versatile two phase clock generator of Figure 15 uses 
two L161’s to generate pulses of adjustable widths and phase 
relationships. ICq is the heart of a ramp generator which 


10 V 


ISUPPLY = 350 HA 


CAPACITOR 
VOLTAGE pin 1 ICo 
RAMP 


feeds two variable window comparators formed by ICj, — 
IC yp and ICy¢ - ICap respectively. The voltage on pin 1 of 
IC; 4 ramps up as Cy charges through R;. When this voltage 
exceeds approximately 5 V(the potential on pin 2 of IC, ,), 
the output of IC;,q goes HIGH, forcing IC;p and ICy¢ 
LOW. C, is quickly discharged by Ip, of IC, p, and the 
comparators reset to their normal state (IC; 4 LOW, IC;p 
and IC; @ HIGH). 


As the ramp rises, its value passes through the two windows 
defined by the differences between the voltages on Ry and 
Rs in the case of $;, and R¢ — R7 for $5. IC> is set for a 
supply current of 20 uA; at this level its slew rate is too 
slow for the window comparators to respond to the fast 
negative transition of the ramp. By adjusting Ry - R¢,¢ 1, 
and $5 may be set for any width up to the period of the ramp 
(Figure 16 contains typical waveforms). If longer pulse 
lengths are needed, increase Cj since t (ramp) = 0.7 RyC, 
(neglecting Ioyy of IC;p and ICj¢). A higher rep rate is 
obtained by lowering Cy but Rg; and Rgy may also need 
to be lowered to insure IC; and IC, have adequate slew 


rates. 
REFERENCE PIN 2 IC 


REFERENCE REFERENCE 
PIN 7 IC2 

REFERENCE 
REFERENCE PIN 6 ICo 


PIN 4 1Co 


t=0 350 »SEC 
Typical Waveforms of the Two Phase 
Pulse Generator 
Figure 16 


A Versatile 2 Pulse Generator 
Figure 15 
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Figure 17 is a low power D.C. to D.C. converter obtained by 
adding a flyback circuit to the square wave oscillator. Oper- 
ating frequency is 20 kHz to minimize the size of L, and Cp. 
Regulation is achieved by zener diode D; when the output 
is less than -12 V, the zener breaks down and discharges 
C, slightly which reduces the duty cycle of the oscillator 
below 50%. Maximum current available before the converter 
drops out of regulation is 5.5 mA at an overall efficiency 
of 71%. With no load the converter draws 590 wA. 


-12V@5mA 


A Regulated DC to DC Converter 
Figure 17 


Operational Amplifiers 


While designed primarily as a comparator, the L161 will 
perform as an op amp if proper compensation is applied. 
Figure 18 is a simple gain of 100 amplifier with a gain- 
bandwidth product of 20 MHz! The primary limitation in the 


220K 2 
Ccomp 


[oa 


The L161 as a X100 Operational Amplifier 
Figure 18 
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performance is the low slew rate (0.3 V/usec) imposed by 
Ioy charging Ccomp: The effects of slew rate and compen- 
sation are shown in Figure 19. A lower gain amplifier 


= Vou F= Vout FOR 0.005 VP-P IN] 0.005 V P-P_IN Sesser cn 


eG tienen 
CH ima 
COC Ee -T 


10K 100K 


Vo — OUTPUT VOLTAGE (P-P VOLTS) 


f — FREQUENCY (Hz) 


Frequency Response and Maximum Output 
for the X100 Op Amp 
Figure 19 


requires a larger Coomp, which in turn further reduces slew 
rate. For this reason it may actually be advantageous in 
certain cases to lower the gain by placing a resistive divider 
at the input rather than raising R,. Figure 20 shows a 
700 uwwatt X10 op amp whose slew rate is 0.02 V/usec and 
is 3 dB down at 100 kHz. 


A Micropower X10 Op Amp 
Figure 20 
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$i1525B Si1527B $i2525B $i2527B Si3525B $i3527B 


Regulating Pulse 
Width Modulators ™“" 


® Direct Pin for Pin Replacement for 
$G1525A/1527A 


e 
designed for © © e Improved Performance Over $G1525A/ 


1527A 
O Greatly Reduced Crossover Current 


ie Switched Mode Power Through Output Transistors 
Supplies (SMPS) Greatly Reduced Transients With 


Separated Ground System 

Fully Operational Up to 200 kHz 
Oscillator Frequency and a Typical 10% 
Pulse Width 


Wide Versatility 
8 to 35 Volt Operation 
100 Hz to 500 kHz Oscillator Range 
Separate Oscillator Sync Terminal 
Adjustable Deadtime Control 
Internal Soft-Start 
Input Undervoltage Lockout 
Latching PWM to Prevent Multiple Pulses 


Siliconix 


® Lower Overall Parts Count 
O 5.1 Volt Onboard Reference Trimmed 
to +1% 
DESCRIPTION O Dual 100 mA Source/Sink Output Drivers 


The Si1525B/1527B series of pulse width modulator integrated circuits are designed to offer improved performance and 
lowered external parts count when used to implement all types of switching power supplies. In addition to being a direct 
replacement for the SG1525A/1527A the Si1525B/1527B features low crossover current through the output transistors and 
full operation up to 200 kHz while maintaining a typical 10% pulse width. The on-chip +5.1 volt reference is trimmed to 
+1% initial accuracy and the input common-mode range of the error amplifier includes the reference voltage, eliminating 
external potentiometers and divider resistors. A Sync input to the oscillator allows multiple units to be slaved together, or 
a single unit to be synchronized to an external system clock. A single resistor between the Cy pin and the Discharge pin 
provides a wide range of deadtime adjustment. These devices also feature built-in soft-start circuitry with only a timing 
Capacitor required externally. A Shutdown pin controls both the soft-start circuitry and the output stages, providing instan- 
taneous turn-off with soft-start recycle for slow turn-on. These functions are also controlled by an undervoltage lockout 
which keeps the outputs off and the soft-start capacitor discharged for input voltages less than that required for normal 
operation. Another unique feature of these PWM circuits is a latch following the comparator. Once a PWM pulse has been 
terminated for any reason, the outputs will remain off for the duration of the period. The latch is reset with each clock 
pulse, The output stages are totem-pole designs capable of sourcing or sinking 100 mA. The Si1525B output stage features 
NOR logic, giving a LOW output for an OFF state. The Si1527B utilizes OR logic which results in a HIGH output level 
when OFF. 


PIN CONFIGURATION 


Dual-In-Line Package 


INV INPUT] 1 | ORDER NUMBERS: 


Si1525BK Si1527BK 
Si2525BK Si2527BK 
OSC OUTPUT | 4 | Si3525BK Si3527BK 


See Package 10 


N.I. INPUT 


DISCHARGE 110] SHUTDOWN 


SOFT-START] 8 | | 9 | COMPENSATION 
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BLOCK DIAGRAM 


CIRCUITRY 


+VIN (15) 
GND (12) 


REFERENCE 
REGULATOR 


OSC OUTPUT 


SYNC €& (4) 


OSCILLATOR 


Ry (6) 
o (5) 


DISCHARGE i) 


COMPENSATION (9) 


INV. INPUT (1) 
NI. INPUT (2) 


SOFT-START (s:) 


SHUTDOWN (10) 


TO INTERNAL 


UV. 
LOCKOUT 


ABSOLUTE MAXIMUM RATINGS* (T, = 25°C unless noted otherwise) 


Supply Voltage (+V in) 
Collector Supply Voltage (Vc) 
Logic Inputs 
Analog Inputs 
Output Current, Source or Sink 
Reference Output Current 
Oscillator Charging Current 
Power Dissipation at Ta =+25°C**.... 
Thermal Resistance: junction 

to ambient 


-0.3V to +5.5V 
-0.3V to +Vin 


1000-mW 


100° C/W 


Siliconix 


Power Dissipation at Tc =+25°C***.... 2000 mW 
Thermal Resistance: junction to case.... 60°C/W 
Operating Junction Temperature +150°C 
Storage Temperature Range.... -65°C to +150°C 
Lead Temperature 
(Soldering, 10 seconds) +300°C 


*Values beyond which damage may occur. 


#% tS) . ° 
Derate at 10 mW/ C for ambient temperatures above +50 C. 


***Derate at 16 mw/"C for case temperatures above +25 °C. 
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Si1525B Si1527B Si2525B $i2527B $i3525B Si3527B 


RECOMMENDED OPERATING CONDITIONS 1 


InputeVoltagem(-V i ijn ees eee +8V to +35V Deadtime Resistor Range......... 0 to 50022 
Collector Supply Voltage (Vc). . . +4.5V to +35V Operating Ambient Temperature Range 
Sink/Source Load Current SI3525B5Si3527B.). 3. ee 0°C to +70°C 
(each | OURDUL) ee pecs ster Oto OOImA Si2525B, Si2527B........ —25°C to +85°C 
Reference Load Current......... 0 to 20 mA Si1525B, Si1527B....... —55°C to +125°C 
Oscillator Frequency Range. .100 Hz to 500 kHz 
Oscillator Timing Resistor. .... 2kQ to 150k2 TRange over which the device is functional and parameter limits 
Oscillator Timing Capacitor. .. .001 uF to 0.1 uF are guaranteed. 


ELECTRICAL CHARACTERISTICS (+V jy = 20V, and over operating temperature, unless otherwise noted) 


$11525B/2525B $13525B 
Parameter Conditions $11527B/2527B $13527B 
Min | tye | Max | min | Typ | Max | 


Reference Section 


[2 [tine Regulation | vneawosev——=«dYSs to | 20 
[toed equation | =01020ma 
Line, Load, and Temp 

Long Term Stability 2 


is af 10050 
sonal 


18 


2 These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production, 
3 Tested at fogc = 40 kHz (RT-=3.6 kQ, CT = .01 UF, Rp = 02). 


TENTATIVE DATA SHEET. This page provides tentative information on a new product. Siliconix reserves the right to 
change specifications for this product in any manner without notice. 
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ELECTRICAL CHARACTERISTICS (CONT) 


$i1525B/2525B Si3525B 
Parameter Conditions $i1527B/2527B S$i3527B 
[Min [Typ | Mex | Min} Typ 


Error Amplifier Section (Vci = 5.1 Volts) 


alinotonmvee | 
fe tnoeiwcurene —[ 


: 
Ce 
as t*id 
[commen Mode Reiecion| Vow=15i062V | 60 | 75 _ 
P.W.M. Comparator 
Input Threshold® 


Input Bias Current 


Output Drivers (Each Output) (Vc = 20 Volts) 


Output L Level 
utput Low Leve ISINK = 100 mA 


; ISOURCE = 20 mA 
Output High Level 
IsouRCE = 100 mA 
Undervoltage Lockout Vcomp and Vss = high 


Collector Leakage ® Vc = 35V 


Total Standby Current 


CMCD 
4 These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production. 
5 Tested at fosc = 40 kHz (RT = 3.6 kQ, Cy = .01 HF, Rp = 02). 
6 Applies to Si1525B/2525B/3525B only, due to polarity of output pulses. 


TENTATIVE DATA SHEET. This page provides tentative information on a new product. Siliconix reserves the right to 
change specifications for this product in any manner without notice. 
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Introduction to 
Quantized Feedback 


INTRODUCTION 

Siliconix’ “Quantized Feedback” (or charge Recalling basic op-amp operation, it is easy to see 
balancing as it is sometimes called) approach that the output voltage Vo is equal to the algebraic 
towards A/D conversion is an integrating technique, sum of Vo] and Vg»5 appropriately scaled. By 
implemented through the use of an analog proces- taking this simple adder circuit and a few 


sor and digital controller. Intrinsic features of this 
approach are Auto-Polarity, Auto-Zero and ratio- 
metric operation. As we shall see, this technique 
offers superior linearity, normal mode rejection 
and stability over that of other integrating tech- vs1 O—> 
niques while at the same time requiring no critical 
components except a stable voltage reference. 


COMPARATOR 
We) 


DIGITAL 


Let’s begin our discussion by considering the REPRESENTATION 
following op-amp adder: Figure 2. 
Rudimentary A/D Converter 
Rot es? Vs] must be stable 


aig during conversion .. re- 
quires S/H in front end. 


additional components it is possible to construct a 
rudimentary A/D converter as shown in Figure 2. 


If Vg] is the unknown voltage that we would like 
to measure and Vg) an input voltage that we 
control, then by examining the state of Vo and 


ke feeding back a Vg> sufficient to cancel out Vg}, 

RfVo} RpVo (i.e. keep Vg as close to zero as possible) we can 

where Vase + digitally keep track of Vg] as diagrammed in 
Rj Ro Figure 2. 
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This is the technique used by successive approxi- 
mation and counting type converters. Although 
conceptually simple and apparently easily imple- 
mented, this technique is entirely dependent upon 
the linearity and stability of the feedback D/A. In 
addition, the complexity of a very high precision 
D/A (greater than 8 bits input) which would be 
necessary to construct a high-precision A/D could 
prove prohibitive both in cost and _ circuit 
complexity. A more accurate and less complex 
approach as we shall see, would be to feed back 
just 2 voltage levels (say + Vref], -Vref2) instead 
of the multitude of voltages possible with a D/A. 
However in using this approach we become 
interested in the time average of the feedback 
voltage as compared to the voltage under 
measurement, since we are now restricted to 2 
voltage levels which should bracket the input 
voltage to be measured. 


This being the case we now want to change our 
simple op-amp adder (of Fig. 1) into an integrator 
(Fig. 3) to perform the necessary averaging 
function. 


Figure 3. 
Op-Amp Integrator 


V V 
Sl S2 
where Vo = -uc f —— dt 
Ry Ry 


Once again Vc] is the unknown voltage we would 
like to measure and Vg one of two voltage levels 
returning from our feedback network. We examine 
Vo and feed back a voltage (Vg7) such that the 
time average of Vs} is sufficient to cancel out the 
analog unknown, Vg]. However since the input 
node (point A in Figure 3) to our analog adder is 
really a virtual ground, what we are really trying to 
balance out are the 2 currents flowing into the 
aes a Serie apeane | 
node (1.e."-=—"and + ).'This-is’easily seen'in’ the 
Ry Ro 
integrator circuit (Fig. 3) where the quantity that 


| he . VSI on 

we are interested in integrating (—— + —— ) isin 
R R5 

reality a current. But recalling that the integral of a 
current is charge, Q = f idt, what we are really 
trying to balance in order to keep Vg as close to 
zero as possible is the charge on the capacitor C as 
supplied by Vs; and Vgj. But since in our 
averaging process the feedback Vg 7 can only 
assume one of 2 voltage levels for an integer 
number of time units, we can only add or take 
away capacitor charge in quantum lumps (-1/C 
Vref] dt Viera at 
or + 1/C ——— 

Ro Ro 
technique name quantized feedback. A _ block 
diagram of such an A/D converter is shown in 

Figure 4. 


), thus giving us our 


COMPARATOR 


Vo 
INTEGRATOR 


DIGITAL 
REPRESENTATION 


Figure 4, 
Quantized Feedback A/D Converter 


Figure 4 is the quantized feedback technique-in its 
most basic form. As previously mentioned, by 
feeding back only 2 voltage. levels we can 
significantly improve our linearity and accuracy in 
high precision measurements while reducing our 
feedback circuit complexity to a switch and stable 
voltage reference. Although our digital control 
logic is now somewhat more complex as compared 
to a counting technique, we are able to effect 
significant gains in precision with only modest 
increases in digital control circuit complexity. And 
since in this technique both the unknown and 
reference voltages are simultaneously integrated 
with the objective of keeping the integrator output 
as close to zero as possible, large voltage swings at 
the integrator output as typically seen in Dual 
Slope converters are avoided, thus easing integrator 
requirements. This dynamic feedback measurement 
process also ensures equally spaced count transi- 
tion windows under varying conversion rates; even 
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around zero. Although timing is now critical to 
proper high resolution operation, our task is easily 
met through dedicated digital-control logic. An- 
other feature inherent in this technique is that 
since we are trying to balance charges which are 


proportional to the input voltages, scale changes 
are easily accomplished through simple ratiometric 
resistor (Rj and Rg) changes (i.e. Fullscale a 
R1/R9). 


The basic principles underlying the quantized 
feedback technique should now be apparent, as 
well as the fundamental relationship between the 
voltage-under-measurement (VyN; formerly Voy) 
and our 2 feedback voltage levels Vref] and Vref2. 
That is, the current supplied by Vin must be of 
opposite polarity and lie within the range bounded 
by the reference currents, I-ef2 < lin < lref], (see 
Fig. 4) in order for Vj to be measured. So in 
order to measure a + Vyn using our simple system, 
we would have to supply both a + reference 
voltage. We are also limited in our simple system to 
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measuring single ended inputs (i.e. no common 
mode voltage). Siliconix however, has overcome 
these problems through an enhancement of the 
basic technique in which only 1 polarity Vye¢ is 
necessary for auto-polarity operation and where a 
zeroing measurement is automatically performed. 
Briefly, the way it is done is through the use of 
negative feedback to impress a system offset 
voltage when zeroing. 


Let’s now look at Figure 5 which is a diagram of 
the analog processor architecture as found in the 
Siliconix LD111A, LD120 and LD122 (the input 
buffer is user-supplied). Note that outside of a 
few additions, this circuit closely resembles our 
basic Quantized Feedback Converter (Figure 4), 
We still have the integrator summing node, pin 9 
fed by a voltage reference source, unknown input 
voltage source, and (new here) an Auto-Zero 
(whose use will soon be explained) voltage source. 
The control logic near the Auto-Zero buffer is 
used by the digital controller to implement the 
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Figure 5, Siliconix Analog Processor 
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measurement algorithm. All of the inputs are now 
unity buffered so that loading effects on inputs 
are effectively eliminated. As before the output of 
the integrator is fed to a comparator whose output 
COMP 5. is monitored by the digital control logic. 
A feedback control signal UP/DOWN, U/D 4. , 
from the digital controller determines which of 
2 reference voltage levels (Vref or GND) are to be 
fed back. The addition of the Measure/Zero 
M/Z 3 control line permits the division of our 
sampling process into 2 parts, a zeroing and a 
measuring interval. 


The aforementioned system offset impression is 
accomplished in an auto-zeroing interval which is 
of sufficient duration to ensure equilibrium 
conditions. In the auto-zeroing interval the M/Z 
line is set low, connecting the input buffer to the 
input signal ground (or negative input if doing 
differential measurements). With the combination 
of the other 2 control lines U/D and COMP, the SR 
latch is set, forcing the switch between pins 

and (4 closed. The digital control logic toggles 
the U/D line at a 50% duty cycle rate, thereby 
feeding a d-c pulse train (of amplitude V;e¢) to the 
reference buffer. Ignoring all other contributions 
to the sum node, the reference buffer,, will 
contribute a current equal to Vrer/R 1 to the node 
half of the time with the average current being 


Vref 
oR” The output of the integrator feeds the 
l 


comparator, but the comparator output is ignored 
in the zeroing interval so that this route can be 
disregarded for now. By virtue of the closed 
Auto-Zero switch however, the integrator output is 
also fed back to the A/Z buffer which in turn 
supplies current to the integrator summing node 
thereby forming a closed negative feedback loop. 
Along the way though, the integrator output Vo 
charges up a capacitor CgtRG which, as we shall 
see, is instrumental to proper operation. Resistor 
Rg is used to guard against oscillations by assuring 
that the negative feedback gain is less than unity. 
R5 is used to provide low pass filtering action in 
conjunction with Cosprq. Now since our buffers 
have such high input impedances, let’s assume that 
the voltage on CoTRG is the same as that on 
pin (3) , the input to the A/Z buffer or VSTRG: 
Because of the filtering action provided by R5 — 
CstTrG, VsSTRG will be the average of the 
integrator output. Therefore, a current 
VsTRG/R3, opposite in polarity to that supplied 
by the reference buffer will be fed to the summing 
node. With a little imagination we can envision that 


the DC or time average of all the currents flowing 
into the integrator sum node will eventually cancel 
each other out and in equilibrium the net current 
will equal zero. There will however, be an 
integrator output voltage Vo the average of which 
will be VogpRG and both will be opposite in 
polarity to the V;ef voltage. Thus far all mention 
of the input buffer and error/offset currents have 
been avoided, but it can easily be seen that any 
current supplied through the input buffer from the 
negative differential. input (Hi-Quality Ground | 

(2) ).as well as any error currents will simply 
either aid or oppose the A/Z buffer in its attempts 
to balance, out current from the reference source. 
Consequently in equilibrium, the VstrgG will be 


shifted slightly from what it would have been had 
none of these other current sources been present. 
Of course we assume that these additional sources 
do not change appreciably with time when we later 
move into the measurement interval. The key point 
to remember here is that the reference buffer is 
constantly supplying an average current of 1/2 


Vv 
ref 
(37 ) to the integrator sum node and in auto-zero 


] 
equilibrium the sum of all other sources of current 
(A/Z, INPUT, ERROR) are equal and opposite to 


Vref 
1/2 ret This auto-zero equilibrium current 


VSTRG 
R3 


(supplied by A/Z, 


INPUT, etc.) = 0 is our desired offset impression 
and its use in the measurment process will now be 
described. 


One of the things that we have succeeded in doing 
in the auto-zeroing process is to determine the 
average integrator output voltage level ( VsTRG or 
A/Z output buffer voltage) when our system is 
zeroed. By tracing back the negative input of the 
comparator, we can see that this is the voltage that 
our integrator output is compared against when we 
actually do our measurements. When we leave the 
auto-zeroing interval to do a measurement, the 
M/Z line goes high, reconnecting the input buffer 
to the + end of the voltage under measurement and 
opening the switch between d3) and . We can 
now appreciate the importance of CsTRG, for in 
addition to averaging out the integrator output, it 
holds for us the value of VgpRq necessary for 
proper comparator operation and charge balancing. 
During the measurement interval Vyj begins to 
supply current to the sum node and the 
comparator output is closely monitored by the 
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digital controller. In response to the state of 
COMP, the controller feeds back either Vyef or 
GND to the reference buffer by toggling the U/D 
line. Measurement now is exactly as described in 
our simple A/D converter circuit (Figs. 3 & 4). 
However since all of our equilibrium conditions in 


; Vref 
auto-zero were calculated with an average im 


being fed into the reference buffer, feeding back a 
constant V;ef will result in a net current over and 
above that in equilibrium of + Vre¢/2R 1 being sent 
to the sum node. Likewise feeding back a constant 
GND will cause a net current of —Vye¢/2R 1 (from 
A/Z, etc.) to flow into the sum node. So whatever 
polarity VjjN may be, we will be able to balance it 
out with appropriate resistor scaling. An interesting 
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aside here is that in all of our discussions the 
absolute polarity of Vyef (i.e. + or — with respect 
to GND) was never specified and any polarity 
could have been used with equal, but differing 
polarity results. However due to the nature of the 
switch Siliconix uses with the V;er buffer (PMOS) 
only positive references will work. 


THE “QUANTIZED FEEDBACK” ALGORITHM 


The measurement algorithm used by all of our 
digital processor chips (LD110, 114, 121A) is 
basically the same. There are some minor varia- 
tions due to slightly different analog control 
structures and the different precision that each 
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processor offers. For an example, the LD110 
(114), 3% digits and the LDI21A, 4% digits. 
The LD114 is the same as the LD110, but with 
additional digital functions pinned out. All chips, 
though for greater stability and accuracy derive 
their timing from a stable clock signal generated 
either internally or externally. Inside the chip 
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the clock is further divided by 2, or split into 
a 2-phase signal as the case may be. However, 
for our discussion, the timing signal as used by 
all of the internal circuitry will be the clock. 
Figure 6 shows the internal organization, pinout 
and typical analog processor interfacing for each 
of the digital controllers. 
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Every sampling interval is composed of an integral 
number of clock periods (LD110=6144, LDI21A = 
49,152). The sampling interval can be further 
subdivided into 2 operational periods, the Auto- 
Zero (A/Z) and Measure intervals. The A/Z inter- 
val, as we know, gives us a means of nulling offset 
voltages and establishing a second tracking reference 
voltage necessary for bipolar conversion. The 
interval is signified by the Measure-Zero control 
line (M/Z) going low and consists of the following 
number of clocks: LD110 = 2048, LD121A = 
16,384. In the Measurement interval (when M/Z = 
1), the actual charge balancing process is imple- 
mented and consists of the following number of 
clocks: LD110 = 4096, LD121A =32,768. As you 
may have noticed, A/Z makes up 1/3 and Measure 


Interval 2/3’s of the sampling interval. The reason 


why such a significant fraction of time is devoted 
VREF 
LD110 


NVA 


AOOT O 


CYCLE 


to A/D to insure that equilibrium zero conditions 
are attained. The M/Z line is the principal signal to 
the analog circuitry to tell it which interval it is in 
so that the appropriate switches can be closed. The 
Up-Down (U/D) line, on the other hand, is respon- 
sible for controlling the reference voltage fed back 
in the A/Z and Measure Intervals. As we may recall, 
during the A/Z interval a 50% duty cycle pulse 
train of VREF amplitude is fed back in the analog 
system. This is accomplished by toggling the U/D 
line once every 4 clocks in the LD110 and once 
every 8 clocks in the LDI21A. 


Figure 7 shows typical waveforms in the auto-zero 
interval for the LD110. The LD121A has essen- 
tially the same timing except that twice as many 
clocks are required for U/D toggling. 
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In the measure interval, where we attempt to 
balance integrator charge, U/D is set in response to 
the state of the COMP input, so that the 
appropriate reference voltage will be fed back in 
the analog system. A counter automatically 
increments or decrements once every clock cycle, 
depending on the state of the U/D line, so that an 
accurate record can be kept of the net number of 
charge packets fed back. Ordinarily one would 
think that once every clock cycle the U/D would 
be set accordingly. However, since this technique is 
as dependent on timing as it is on feedback voltage 
level, we really have to be mindful of U/D 
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Figure 8 Duty Cycle Waveforms 


transitions since they bring with them error in the 
form of rise and fall time. One way around this 
problem is to insure that in every measure interval 
there is always the same number of U/D 
transitions, irrespective of the unknown, V]n. This 
can be done by dividing the measure interval into 
an integral number of duty cycle periods in which 
the U/D line can assume 1 of 2 duty cycle 
waveforms. In the LD121A the duty cycle period 
consists of 16 clocks while it’s 8 in the LD110. 
The 2 duty cycle waveforms possible in each 16 
or 8 clock period is: 
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So instead of depositing a maximum possible (+16 
or +8) charge packets every duty cycle period, we 
have to be content with a net maximum of +14 or 
+6. Consequently the maximum counts possible 
are: LD110 = 3072, LD121A = 28,672. However, 
since these maximum counts are larger than the 
advertised precision of the A/D’s, overrange 
capability is possible and built into some of the 
converters. 


Since we can only feedback rather large lumps of 
charge (+14, +6 counts), when the measure interval 
comes to an end, there will, undoubtedly, be some 
residual charge left over to be resolved to the 
nearest count. This is done in a brief override 
| period at the start of the A/Z interval where 
| normal A/Z operation is temporarily inhibited 
while we fine tune (i.e. abandon duty cycles and 
feedback charge packets one at a time). The 
override period starts at the end of the measure 
interval when M/Z > low and the input buffer is 
switched to input ‘gnd’ so that no more charge is 
accumulated. The U/D line is set high and held 
until the comparator goes high and the next state 8 
of the duty cycle counter comes around at which 
time U/D is set low. When the comparator next 
goes low again, the override period is ended (M/Z = 
0, COMP = 0, U/D = 0, Auto-Zero switch closes 
initiating normal Auto-Zero action). The counter 
which until now has been faithfully keeping track 
of the charge packets fed back, is inhibited and its 
count used to update the data outputting latches 
on the next clock pulse. Figure 9 shows typical 
Measure, Override, and Auto-Zero waveforms in an 
LD120/LD121A system. 


Now that the measurement algorithm has been 
described, a few words about the relationship 
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between the count and unknown input voltage are 
in order. What the count represents is the net 


VRER CH] 
2R1 fcLK 
which were needed to cancel out the charge as 

supplied by the unknown input 


number of reference charge units (+ 


VIN # clocks in measure cena 


Ry {CLK 


Neglecting signs, this equality is: 


NPE Bey ito 
COUNT - —— - == 
IR, CLK 


VIN # clocks in measure interval 


Ro {CLK 


rearranging, this becomes: 
V R 
N 
COUNT = = JN. “—-2 
VREF Ro 


(# clocks in measure interval). 


For an LD121A with 32,768 clocks in the measure 
interval, this equality becomes: 


By manipulating the resistor ratios and VRRRF we 
could theoretically scale the A/D to any input 
voltage range desired. Practical circuit limitations, 
though, prevent us from getting carried away. 
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Microprocessor 


Interface Techniques 


As Applied 
to the Siliconix 


A/D Converter Family 


INTRODUCTION 


When attempting to interface a microprocessor system with 
a peripheral device (in this case an A/D) that operates at a 
substantially slower speed, the communications process be- 
tween the system and peripheral can be thought of as lying 
between two extremes, synchronous and asynchronous 
operation. Either mode of operation will offer trade-offs 
between speed or throughput, and hardware complexity. 
For instance, in a synchronous communications approach, 
overall system speed is effectively reduced to that of the 
slow peripheral as the system must wait for a response or 
handshake from it. In an asynchronous approach however, 
both the system and the peripheral are able to operate at 
their own respective clock rates, with the speed differential 
problem being solved through the use of an interface buffer 
between the two. Hardware complexity is considerably 
higher here though than in a handshaking synchronous inter- 
face because such an asynchronous buffer is usually imple- 
mented through the use of latches to retain all of the data. 


More often than not in A/D application notes or data sheets 
where an interface to a microprocessor is shown, the ap- 
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proach taken is the use of a peripheral interface chip such as 
an 8255 PPI or a 6820 PIA. While this approach will ulti- 
mately get the job done, it’s extremely costly in terms of all 
of the negative features of both asynchronous and synchro- 
nous approaches (high hardware cost - peripheral interface 
chips aren’t cheap; slowness - we are essentially operating 
synchronously with the A/D). As an added drawback, 
there’s the software overhead necessary to initialize the 
chip and implement the synchronizing software routines. 
It’s possible however, as we'll soon see, to construct totally 
synchronous and asynchronous interfaces out of common 
TTL parts costing only 1/3 to 1/2 the price of a peripheral 
interface chip and requiring none of the software overhead. 


The circuits to be presented were built with the LD121A, 
but are of a sufficiently general nature that they can 
easily be modified to accommodate the other A/D’s in the 
Siliconix product line. 
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LD121A DATA FORMAT 


Just to review, Figure 1 shows the output data format of 
the LD121A digital controller and as you can see, data is 
BCD and sent out digital serial - bit parallel, perfect for 
multiplexed displays for which it was designed. The se- 
quence in which the BCD digits are sent out is D5, D4, 
D3, D2, D1, repeating continously as indicated. Note that 
the BCD data for a particular digit is available (16 LD121A 
clock cycles): both before and after the digit strobe comes 
on, a feature of which we shall make good use. Sign data 
appears 250 ns after the DS strobe and is valid for the dura- 
tion of D5. Although not shown here, a means of deter- 


mining that the A/D has completed a measurement and has 
new data available is the positive edge of a signal called 
M/Z which occurs once every measurement interval. Com- 
plete LD120/LD121A operational information may be ob- 
tained by consulting the data sheet. All of the LDI21A 
digital output signals can drive 1 standard TTL load and the 
M/Z line — 1/2 a load, a factor which contributed to the 
use of 74LS parts as much as possible in my circuits. 


Since the synchronous interface is the simpler of the two, 
let’s start with it first. 
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Figure 1. 


SYNCHRONOUS A/D INTERFACE 


In Figure 2 we have the schematic of an LD121A synchro- 
nous interface which was built and operated in an Intel 
SDK-85 system. Key to the operation of this circuit is the 
READY line which can be found on Intel, MOS Technology 
and other microprocessors. For those not familiar with it, 
the READY line is an input to the processor through which 
slow memories and in this case, slow peripherals can make 
the processor wait while data to be read in is being placed 
on the data bus. In this way the processor can be SYN- 
CHRONIZED to the rate at which the slow peripheral is 
giving data, while running at full speed when other, faster, 
memories and peripherals are being accessed. The operation 
of the circuit is as follows. Normally the output to the 
READY input, AS pin 5 is high, permitting full-speed pro- 
cessor operation. To accomplish this, all of the inputs to AS 
must be low which is possible if none of the first 5 outputs 
of the 4 to 10 line decoder are active (low). Although the A, 
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B, C inputs of A2 may change continously, by using the D 
input as a chip enable, the outputs in question will remain 
high. However when a valid chip select (read peripheral 
operation) comes along, the tristate bus buffer Al will be 
enabled as well as the 4 - 10 line decoder. Now depending 
on the valid address on ADR 0, vy 2 one of the decoder out- 
puts, corresponding to a particular LD121A digit, will go 
low. Assuming that all of the digit strobes are low (inactive), 
the READY line goes low causing the processor to wait up. 
As soon as the digit strobe in question goes high, indicating 
valid data is available, the READY line rises again allowing 
the processor to continue its read operation. Note that the 
digits may be read in any order as the synchronization is 
accomplished automatically. However the processor does 
have to wait for the right digit strobe to come along. The 
74LS74 D type F.F. in the circuit is used as an interrupt 
indicator latch, generating a latched high level interrupt 
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signal when the positive M/Z edge comes along (new data 
ready) and resetting when a data read occurs. Depending 
on how the chip select is generated, the circuit may be set 
up as regular or memory mapped I/O, the choice is up to 
the user. As set up, the BCD data is located in the low data 
nibble and the sign is the high order data bit. However con- 
siderable lattitude is possible both in data word configura- 
tion and parts selection, particularly in choosing the tristate 
bus buffer and decoder chips. 


Lastly, after receipt of a valid chip select there’s only a 3 
gate delay in generation of a correct READY signal, per- 
mitting the circuit to be used with even the fastest of 
processors providing that they have a READY input. 


ASYNCHRONOUS A/D INTERFACE 


In Figure 3 we have the schematic of an asynchronous 
LD121A interface, also built and operated with an SDK-85. 
Although it’s somewhat more complex than'the previous cir- 
cuit, relatively common parts are used and hardware costs 
are still well below that of a peripheral interface chip. 
Briefly, this circuit uses a 2101A memory as a 5 word X 4 
bit latch to store the BCD data for immediate access later 
on by the microprocessor (i.e. no wait states). The 2101A 
was chosen because of its separate data inputs and outputs 
and is relatively cheap as far as memories go. Ordinarily 
LD121A BCD data is being written into the 2101A memory 
at addresses determined by encoding the LD121A digit 
strobes into 3 bit binary. The encoding is done by the A4 
} OR gates and the address is gated to the memory by the A2, 
A3 AND—NOR gates. 


Note that 1/2 of the A3 AND—NOR chip is used to permit 
the storage of sign information as data bit DIq during digit 
strobe 5. The memory write pulse is generated by A7 and 
A8 and is a low level pulse of minimum duration so as not 
to interfere during microprocessor reads (i.e. lock up the 
AS read-write arbitrator logic unnecessarily). Note the 
0.01 uF capacitor on the trigger input to the A8 mono- 
stable. It’s used to delay the generation of the write enable 
pulse so that the sign information which is slightly delayed 
from D5 (by 250 ns) will be valid. AS is arbitration logic 
which determines whether a microprocessor read or LD121A 
data write is to be performed on the 2101A memory. The 
AS outputs, pins 3, 6 control the A2, A3 AND—NOR gates 
and determine whether the 2101A memory address is to be 
supplied by the system address bus (read) or encoded digit 
strobes (write). AS is also set up so that if a data write pulse 
is present from the monostable, its output pins 3, 6 will not 
change state (i.e. lock up). However when the write pulse 
ends, A5 will change state if necessary to reflect whether 
or not we have a valid chip select present (microprocessor 
read). If so, it will enable the memory data bus drivers, 
lock out monostable write pulses and gate the system 
address bus to the 2101A memory so that the read can 
be performed. When the chip select is in control of the AS 
logic, further updating of the memory by the LD121A is 
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inhibited until the chip select is removed. 


Although I was using a 2101A-2N with a 250 ns access 
time, measurements showed that data could be obtained 
within 250 ns after application of a valid chip select, pro- 
viding that there was no monostable write pulse to lock up 
the AS logic at the time. In which case it would have taken 
250 ns plus the width of the monostable write pulse. How- 
ever I found it very difficult to coincidence the chip select 
and write pulse since the write pulse is so short and so 
infrequent. So except on very rare occasions, my read 
access time from application of a valid chip select was at 
most 250 ns. By being careful about how and when the 
processor determines that there is new data to be read in 
(i.e. further qualify the interrupt signal) any possible co- 
incidence of chip select and write pulse can be totally 
avoided. 


As in the previous circuit, the A9—74LS74 is used as an 
interrupt latch. The entire circuit is of sufficiently general 
purpose design that the only real limitation to using it with 
any processor is its 250 ns access time. Again, depending on 
how the chip select is generated the circuit may be set up as 
either regular or memory mapped I/O. 


Through careful examination of both the asynchronous and 
synchronous schematics it can be seen that in each, the 
correspondence between a system address supplied and the 
BCD digit read is: 


ADR 2 ADR 1 ADR 0 
0 0 0 D1 


A rough estimate of the savings in time possible using an 
asynchronous rather than an synchronous interface ap- 
proach in this application would be something on the order 
of 1 complete LD121A data output cycle each time we read 
in all 5 digits. For a LD121A running at maximum clock 
frequency (250 KHz, 5 conversions/second) this is a savings 
of about 2.5 milliseconds each and every time. Since the 
asychronous circuit acts as though it were memory as_ far 
as the processor is concerned, the amount of time necessary 
to read in new data from it is essentially how quickly the 
processor can execute memory or I/O read commands, as 
the case may be, providing of course that read access times 
are met. 


REFERENCES 


1. Intel MCS-85 Users Manual, September 1980 Intel 
Corporation. 
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Figure 2. Synchronous Interface 
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i Siliconix 
designed for... BENEFITS 
: ower @ Three Usable Ranges with a Single Resistor 
i High Performance Digital Change. 1.999 V, 199.9 mV, 19.99 mV 
Voltmeters ® Excellent System Performance From Basic 
otis 0.02% +1 Count Accuracy 
uf Digital Panel Meters ® Wide Sampling Rate: 1/3 to 40/Second 
Beg § ® High Gain Stability (5 ppm/°C) with Buf- 
# Digital Instrumentation Readouts fered Reference Input 
. @ Reduced Signal Loading with MOSFET 
|™ Microprocessor A/D Interface Input (Zjy > 109 2) 
@ Auto-Zero System Minimizes Internal and 
Subsystem External Offset and Drift Over Temperature 


ee Auto-Zeroed Microvolt or Strain- ® Auto-Polarity with a Single Reference 


@® Easy Interface to Displays with Strobed 


Gauge Systems BCD Output Format 


® Overrange and Underrange Signals Available 


DESCRIPTION 


The “‘Quantized Feedback’’ conversion scheme used in the LD110/LD111A set provides an Auto-Zeroing, Auto-Polarity 
A/D system requiring only a single reference voltage. 


The monolithic LD111A high performance analog processor contains a bipolar comparator, a bipolar integrating amplifier, 
a bipolar reference amplifier, two MOSFET input unity gain amplifiers, several P-channel enhancement mode analog 
switches and the necessary level shifting drivers to allow the analog and digital processors to be directly interfaced. The high 
impedance input and reference buffer amplifiers eliminate source loading errors and provide the outstanding temperature 
coefficient inherent in this system. Break-before-make switch action insures that neither the analog input nor the reference 
voltage will be shorted to ground at any time. 


The PMOS LD110 synchronous digital processor combines the counting, storage and data multiplexing functions with the 
random logic necessary to control the quantized charge-balancing function of the analog processor. Seventeen static latches 
store the 3 1/2 digits of BCD data as well as overrange, underrange and polarity information. Nine push-pull output buffers 
(capable of driving one standard TTL load each) provide the sign, digit strobe and multiplexed BCD data outputs, all of 
which are active high. The digit scan is an interlaced format of digits 1, 3, 2 and 4. 


FUNCTIONAL DIAGRAM PIN CONFIGURATIONS 


Dual-In-Line Package 


PARALLEL 


BCD OUTPUT DIGIT STROBES 
| ——————, ————— 
| By, Bz 83 Bq D1 02 03 D4 

CO. Oi. Or OO" 


DATA DIGIT 
BUFFERS BUFFERS 


a 
(2 ES 
1of4 
DECODE 


TIME BASE 
COUNTER 


TOP VIEW 


ORDER NUMBER LD110CJ 
SEE PACKAGE 8 


Dual-In-Line Package 


o1 2 
2-9CLOCK 
GENERATOR 


O 
GND CLOCK IN 


ANALOG 
GND 


LD111A 


TOP VIEW 
ORDER NUMBER LD111ACJ 
SEE PACKAGE 8 
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SWITCH STATES ARE FOR A LOGIC “0”. AT U/D AND M/Z INPUTS. 
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ABSOLUTE MAXIMUM RATINGS 


line (Pip 1.5 <2) me. 4 Seah, ers eee a eee Operating Temperature . .-. "ie ; 0 to 70°C 
Vp VCD ETA ged chat Mesa peer ded ion RAY Storage Temperature... .. . . —65to +125°C 
Vss . ot agnian, anh ee 6V Power Dissipation (Package)* . . .*. . . 750mW 


Vece V5 (LD110) eee Sa ow ( oe PAO) W/ 
V On Any Pin Relative to Vss (LD1 10) : 0. i VeEOer 2 ORV, “Device mounted with all leads welded or soldered to PC. 
Va ce Shr 88, I SREY eee rt  Pereiet b i. V4 board. Derate 6.3 mW/°C above 25°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters to assure conformance with specifications. 


Test Conditions, Unless Noted: 
Characteristics i Vi = +12 V, V2.= =12 V, Vgg =5 V 
VREF = 8.2 V, Ta = 25 C, Rq = 100K 2 


Linearity 


N Peak-to-Peak Noise Apparent When Going From 
lie One Steady Reading to Another 
GainmleG: 

fnoise = 60 Hz 


50% Duty Cycle 


DS(on) ON Resistance, Auto Zero Switch ees ee ee| VAZ(in) = —4.0 V, ls = —30 nA 
ICL Clock Input Current, Low ie VCLocK in= 0.4 V 


Ta = 25°C 
Input Bias Current 
Ae AZ Buffer ee VAZ = —4. Ve VOU ON 
here eee pee 
Lee eZ po Ly 
our UriBeon tosevarnss wow | | | a6] [tou = anon 
UF offs 6, Vobop ugiesebaal aap eet Sp | past L gem berm 
Poa svete TY Poms] [tas 
sepa al | eA Ta Hp pale 
Gade or ee es 
eave wih Sona Ca COl fess Yo eee A 
sz sly owen) uo) [ep a oee 
a 
L |PSnii Power Supnv Remcton Rave. vif 60] es] 
ship Paver Supply Releston nave. Va] eo] —e0 | 7 


Reference Voltage Rejection 1 nordd R =R9= 100K 2, Vinny = 2 V 
AVREF REF 2 » VIN 


Typical. values are for DESIGN AID ONLY, not guaranteed and not subject to production testing LD110 IPANII LD11A CMAMI-A 
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INPUT/OUTPUT SCHEMATICS 


LD110 OUTPUT BUFFERS LD110 COMPARATOR, CLOCK INPUTS 
(Digits, Bits, Sign, M/Z, U/D) 


VIN 
(ANLG iat) 


200 22 
COMP 


OUTPUT 


H!-O GND 
(VREF) 
M/Z 
(U/D) 


LD111A Comparator Output LD111A Inputs (Vin, VReF) 


TYPICAL CHARACTERISTICS 


Supply Currents vs Input Bias Current vs 
Temperature Temperature 


V1=12V V1=12V 

V2=-12V 

Vss=5V 
SSS 


C — CURRENT (mA) 


Igias — |NPUT BIAS CURRENT (pA) 


= PUIG Nel ile 
EE RUERNIE 


30 40 50 


T — TEMPERATURE (°C) T — TEMPERATURE (°C) 


Ratio Operation 
(Vin/V REF = Constant) 


pa paatesiio | | eas 28 
elle rye | Sia ase 2 
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OFF Fs el 
eee apie Tie Aer 
ER PR (a ee 
HAS PU sl a hdd 
EES 


% ERROR 
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DESCRIPTION OF PIN FUNCTIONS — LD111A 


BUF OUT — The output of this unity gain input buffer am- 
plifier is applied to the integrator summing node through a 
scaling resistor Ro. The value of this resistor is typically 
10K 2 for a 200.0 mV full scale and 100K {2 for a 2.000 V 
full scale. The digital output is inversely proportional to the 
value of this resistor. 


MINGeen oul 
VREp eR 


Count = 8192 


HI-QUALITY GND — This pin, typically connected to a 
High Quality Ground point for single ended inputs can be 
used as the inverting input for differential signals. The digital 
output will be Vinqy — Vyy-q. When using this differential 
mode, it is important that resistor R3 be less than resistor 
R> for proper operation. 


M/Z — Measure/Zero Logic Input. Internal level shifting 
drivers operate the PMOS switches in response to this digital 
signal. 


U/D — Up/Down Logic Input. The logic signal applied to 
this pin operates a SPDT switch to provide Quantized pulses 
of charge to the integrator. 


COMP — This analog comparator output is an open collector 
configuration which goes to V9 when “‘low.”’ 


V9 — Negative Supply Voltage. Recommended level is -12 V 
+10%. 


GND — Analog Processor Ground. Should be kept separate 
from Digital Grounds. 


REF out — This buffered voltage output of the SPDT U/D 
switch, converted to a current by resistor Ry, supplies the 
reference current to the integrator. 


INT. IN — Integrator Summing Node. 


Vrer — A Stable positive reference voltage (2 to 10 V) 
applied to this pin is the standard to which the input voltage 
Vin is measured. Ratio measurements can be made by 
applying a variable to this input (1.0 to 10 V). 


INT. OUT — The output of the integrating amplifier is made 
available for application to the Auto-Zero amplifier by means 
of resistor Rg. 


AZ OUT — The output of the unity gain Auto-Zero ampli- 
fier provides a second negative reference current to the 
integrator through resistor R3. 


AZ FILTER — The Auto-Zero Capacitor (C, 7) connected to 
this pin stores D.C. voltage components to balance amplifier 
offset and drift components. 


AZ IN — This input is switched into the AZ filter during the 
zeroing interval. 


Vin — Analog Voltage Input. The A/D System digitizes the 
voltage appearing at this input. 


V1 — Positive Supply Voltage. The recommended level is 
+12 volts +10%. 


DESCRIPTION OF PIN FUNCTIONS—LD110 


Vgg— Positive Supply Voltage. Recommended level is +5 V 
+10%. 


V2 — Negative Supply Voltage. Recommended level is -12 V 
+10%. 


CLOCK IN — This input accepts a TTL or MOS level clock 
to drive the synchronous digital circuitry. Acceptable duty 
cycles on the external clock range from 30% high, 70% low 
to 70% high, 30% low for clock frequencies from 2 kHz to 
250 kHz. Although any clock frequency between 2 kHz 
and 250 kHz may be used, clock frequencies that are inte- 
ger divisions of 2048F, (Fin = 2048F,/n,n=1,2,3,..., | 
51), (FL = Line Frequency) provide measure and zero per- 
iods that are integer multiples of the line frequency period 
(Tzero = N/FL, Tmeasure = 2N/F_). Line frequency inter- 
ference is minimized by the selection of one of these 51 
frequencies. 


This input has an active pull-up to Vgc. 


M/Z — Measure/Zero Logic Output. This 0 to 5 volt logic 
output successively provides Autozero and Measurement 
intervals of 2048 and 4096 clock periods respectively. This 
output is compatible with CMOS logic and directly interfaces 
with the LD111A analog processor. 


U/D — Up/Down Logic Output. This output has logic levels 
of 0 and +5 volts to provide pulse-width modulation of the 
reference current when used with the LD111A analog pro- 
cessor. This output is CMOS compatible. 


COMP — Analog Comparator Input. This input has an active 
pull-up to Vcc for a comparator “high” state. This pin must 
be pulled down to V2 for a “‘low’’ comparator state. 


An End-of-Conversion Signal can be decoded from the three 
interconnecting logic lines (M/Z, U/D, Comp) using the fol- 
lowing CMOS logic. 


M/Z + U/D + Comp = E.0.C. 


B1, Bz, B3, Bg — BCD Data Bit Output. Bg represents the 
most significant bit and By the least significant bit of the 
BCD output. Bit 4 of digit 4 goes high for an underrange 
condition (less than 100 counts). These outputs are com- 
patible with 1 standard TTL load. 


MUX Underrange = By x Dg (5% of full scale) 


Dy, Dz, D3, Dg — Digit Strobe Outputs. Dg is the most sig- 
nificant and Dj, the least significant digit of the 3 1/2 digit 
output. The digit strobes are each selected in turn when the 
BCD data bits for that digit appear at the bit outputs (see 
Figure 4). 
MUX Overrange = D, + D9 +D3+Dq 
(100% of full scale, count 2 2000) 


SIGN — Sign of Analog Input Polarity. This TTL level out- 
put is a static signal which is either 0 or Vgg for a negative 
or positive input polarity respectively. 


GND — Digital Processor Ground. Should be kept separate 
from Analog Grounds. Common connection should be made 
at the power supply. 


Siliconix 


FUNCTIONAL OPERATION 


The Connection Diagram of Figure 1 should be referred to 
along with the timing diagrams of Figures 2, 3, and 4 in this 
discussion of functional operation. 


Time Base Counter: An external clock signal using either 
TTL or MOS logic levels drives a 2-¢ clock generator on the 
synchronous digital chip. The clock frequency is divided by 
the time base counter into sampling intervals of 6144 pulses 
of which 4096 constitute the measurement interval/and 2048 
the auto-zero interval. Intermediate frequency divisions are 
utilized by both the control logic and the 1 of 4 decoder for 
the digit enables and bit scan. 


AUTO-ZERO INTERVAL 
The Auto-Zero interval provides a means to null out the 


offset voltages of the amplifiers used in the LD110/LD111A 
system. In addition, it automatically establishes a second 


INPUT BUFFER § 


HIGH 
QUALITY 


ANALOG 
GND 


LD111A 


tracking reference voltage necessary for bipolar A/D con- 
version. 


The Auto-Zero sequence is initiated when the M/Z (Measure/ 
Zero) signal switches the input buffer amp to analog ground. 
After a brief count-correcting override period, the AZ switch 
is closed connecting the AZ amplifier and Integrator together 
in a closed-loop second-order system. During this time the 
control logic ignores the comparator output and pulses the 
U/D switch at a 50% duty cycle of 4 clock periods “Up” 
and 4 “‘Down"’ (see Figure 2). Equilibrium of this closed- 
loop system is attained when the average currents through 
Ry and Rez are equal and opposite. This is achieved when 
Vaz. the Auto-Zero voltage, is equal to-% Vaerg (Ry = R3). 
Establishing Vaz and storing it on Caz gives the U/D logic 
the capability of switching either a + or — reference current 
to the integrator during conversion. Thus when U/D is ‘’Up,”’ 
ly + 13 =-Vpeg/2R, and when U/D is “Down,” 14 +13 = 
VpeRr/2R1. The Auto-Zero interval is of sufficient duration 
to insure that V jz will be well established. 


PARALLEL 
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Connection Diagram 


Figure 1 
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FUNCTIONAL OPERATION (Cont'd) 
MEASUREMENT INTERVAL 


The ‘‘Quantized Feedback” conversion system is character- 
ized by a single phase Digitization interval in which a digital 
control system feeds back quantized units of charge in 
response to the sampled state of an analog comparator. 
These quanta of charge balance the charge being supplied 
to the integrator by the analog voltage. The magnitude 
(VepeF/2Ry x 6/folock) Of the Quantized charge being fed 
back and its sign (+ or —) arise from the fact that the control 
logic has two U/D duty cycles available during the Measure 
interval as shown in Figure 3. 


The U/D logic is ‘‘up” one clock cycle and ‘‘down” 7 cycles 
for a high comparator output in the clock cycle preceding a 
set of 8 cycles. This will be designated duty cycle “‘A.”’ With 
a low comparator output in clock cycle number 7 the U/D 
logic will be “‘up’”’ for 7 cycles and ‘“‘down” for 1 cycle in 
the following 8 clock cycles. This is duty cycle ‘’B.’” The 
effect of these two reference current duty cycles on the 
integrator output is shown in Figure 3. It can be seen that 
the ‘‘up’”’ state of the U/D logic drives the integrator output 
voltage up. The up/down BCD counter increments by each 
clock pulse when the U/D logic is “‘up’’ and decrements by 
each clock pulse when the U/D logic is ‘“down.”’ Conse- 
quently the net count goes up 6 counts for a “’B”’ duty cycle 
and down 6 for an “’A” duty cycle. 


Input polarity is determined by the first appearance of two 
consecutive duty cycles of the same type. The control logic 
would determine the analog input to be negative if two “A” 
duty cycles occur in succession and positive if two ““B’”’ duty 
cycles occur in succession. 


Since the counting process is done by increments (or decre- 
ments) of 6 during the measure interval, a short override 
interval is required at the end of the Measurement to ‘’fine 
tune’ the count to the nearest LSB. This occurs within the 
first 32 clock periods of the AZ interval. 


DATA FLOW 


Following the count correcting override sequence; the con- 
tents of the BCD counters and sign flip-flop are loaded into 
the internal latches. Counter states of less than 100 or greater 
than 1999 are decoded as underrange or overrange conditions 
respectively. The underrange signal is forced on Bit 4 during 
D4 time. The overrange signal will be used to blank the 
display during the zero interval giving a visual overrange cue 
by means of a blinking display. 


The BCD data stored in the latches is continuously scanned 
every 32 clock periods (8 clock times per digit). This data 
format is shown in Figure 4. Sign information is available 
as a Static signal on a separate pin (high for +, low for —). 


The BCD data output is an interlaced scan of digits 1, 3, 2, 
and 4 where digit 4 is the most significant digit. All outputs 
are active high and TTL compatible. 


APPLICATIONS INFORMATION 
(Refer to Figure 5) 


1. Power Supplies 


a) The recommended supply voltages are: 


Vy =12V+10% 

Vo OE 12.2 10% 
Vsg = 5 V 410% 
VREF = 2.00 Vto 10 V 


Operation is possible with V1 and V2 supplies from +9 V to 
+15 V. These minimum voltages (£9 V) require that the 
LD110/LD111A system be operated on the 200.0 mV scale 
to maintain input buffer linearity. It should be realized that 
operation below +10.8 volts is not guaranteed. V5 voltages 
greater than -—13.2 V allows the LD110 to dissipate a con- 
siderable amount of power (400 mW, warm to the touch). 
A 150 {2 resistor in series with pin 11 of the LD110 will 
limit the current resulting in cooler operation and longer 
life with large values of V9. 


Data Output Format (Output = 1492) 
Figure 4 
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APPLICATIONS INFORMATION (Cont'd) 


2. Input Protection. Under normal operating conditions the 
inputs of the LD111A should not be exposed to a voltage 
exceeding either V4 or V5 (see absolute maximum ratings). 
In many applications, however, such as a DMM/DVM, the 
| Vin Or Veep input may have a high voltage source con- 
nected which is. capable of supplying destructive currents 
into the LD111A. To prevent such an occurrence, a current 
limiting resistor should be placed in series with the appro- 
priate input pin. The 1 mA maximum current rating should 
be observed. A’ 1M Q2 resistor,in series with pin 15. of: the 
LD111A: would offer input protection up to a 1000 V 
overvoltage. 


3. Operation Over the. Full Sampling Range. Any sampling 
| rate from 1/3.to 40 samples/second can be accommodated by 
simply changing the values for Cjyj7 and Caz (R3 and Ry 
will remain assshown in Figure 5). 


To find the proper value for Cyyyt and Caz, (shown as Cy 
and C5 respectively on Figure 5) find the needed clock fre- 
quency for a specific sampling rate from the following 
relationship. 


folock = Sampling Rate x 6144 


Once the clock frequency has been determined, the values 
for Ci, and Caz can be found. 


200 pF /sec 


C is 
INT ¢ 


clock 


Caz = 10 CinT 


Cy} 


ame I. 


MAN4630 MAN 4610 


Q2 
MPS A13 


4. Resistor Selection. Resistor Ra is the scaling resistor and 
is selected to provide 10 nA per LSB into the integrator 
summing junction. Thus, 


ae VIN(Full Scale) 
2 (2000 Counts) (10 nA/Count) 


100K §2 (2.000 V Scale) 
10K Q (200.0 mV Scale) 


1K &2 (20.00 mV Scale) 
The reference resistor Ry is chosen to satisfy the relationship 


Ry 
(Trimmed) 


5. 20.00 mV Scale (10 nV Resolution). The improved noise 
performance of the LD111A allows it to be used in a 
20.00 mV DPM when Ro is selected to be 1K Q2. This high 
resolution range, while useful, does not have the same degree 
of zero and LSD stability as the 200.0 mV and 2.000 V 
ranges. Extreme care in layout is required to minimize noise 
and offsets at Vip) and Hi-O GND. 


6. Ratio Operation. The LD110/LD111A is a ratio measur- 
ing system — the output being 


8192 


NATIONAL 
2N4274 


3% Digit DVM (+200.0 mV) Common Anode Display 
Figure 5 
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APPLICATIONS INFORMATION (Cont'd) 


The high impedance input and reference buffer amplifiers 
offer a system with ratio operation and minimal source 
loading. The ratio curve shown with the typical character- 
istics illustrates the ratio performance. 


7. Zero Adjustment. The LD110/LD111A converter set is 
an Auto-zeroing system. Many applications exist, however, 
in which a means of nulling out external offsets is needed. 
The circuit of Figure 6 provides this offset nulling feature. 


Vss 


2N4400 TO 


100K 2 > | > Caz 


(PIN 13) 


LD111A 


Offset Nulling Circuit 
Figure 6 


8. Replacing the LD111 with the LD1711A. The LD111A 
offers a significant improvement in linearity, noise and 
temperature stability over the LD111. It also eliminates , 
the need for the integrator clamp zener required on the 
LD111. The LD111A is a plug-in replacement for the LD111. 


9. Data Valid (End-of Conversion). The BCD data from the 
LD110 is changed only once per conversion, at the end of 
the override interval. The 3% digits of data are then repeat- 
edly multiplexed out during the rest of the zero and for the 
full Measure Interval. Since the data cannot change during 
the Measure Interval and since the Measure Interval occurs 
once each sampling interval, this high state of the M/Z line 
can be used as a Data Valid or End-of-Conversion signal. 


10. “Hold’’. The last conversion of the LD110/LD111A may 
be held indefinitely by means of the added circuitry shown 
in Figure 7. Forcing the comparator input of the LD110 to 
the high state eliminates any future data transfers. The 
resistor protects the LD111A comparator output. Opening 
the connection to Vgg allows normal comparator action and 
data transfer. The first conversion after a ““hold”’ will always 
be in error since the AZ voltage has not been maintained 
during ‘‘hold”’. 


Vss 


I 


HOLD q—— —P CONVERT 
comMP COMP 
LD111A LD110 


(PIN 5) 10K (PIN 8) 


“Hold’’ Circuit 
Figure 7 
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INTRODUCTION 


The Siliconix LD110/LD111 3%-digit A/D converter inte- 
grated circuit set offers high performance and versatility 
with a minimum of required external circuitry. The set con- 
sists of a monolithic PMOS synchronous digital processor 
(LD110) and a monolithic bipolar-PMOS analog processor 
(LD111). The salient features of the A/D converter set in- 
clude an accuracy of 0.05% Of reading) +1 count;a 4 pA 
typical input bias current; an input impedance of greater 
|than 1,000 MQ; autozeroing; and a single reference volt- 
| age requirement. External user-selected components will 
allow for two different voltage ranges (2.000 V and 
200.0 mV) and a wide range of sampling rates (1/3 to 12 
samples per second) to accomodate a variety of applications. 


HI! QUALITY 
GND 


LD111 


Ds f 


Siliconix 
Function/Application of the 


LD110/LDI11 3'2 Digit A/D 
Converter Set 


This Application Note describes the functional operation of 
the LD110/LD111 A/D converter chip set, provides a basis 
for criteria in external component selection, and offers 
some practical circuit applications. 


Functional Operation 


The conversion technique balances the charge supplied by a 
current proportional to the input voltage, over a measure 
interval, with an accumulation of quantized charges equal 
to a BCD count. The units of quantized charge are provided 
through pulsewidth modulation of a reference current. In 
Figure 1, the A/D converter set is shown with the external 
RC components required to analyze the functional opera- 
tion. 
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Functional Diagram 
Figure 1 
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The clock frequency is divided by the time-base counter of 
the LD110 digital processor into sampling intervals of 6144 
cycles; 4096 cycles constitute the measurement interval and 
2048 cycles make up the auto-zero interval. 


The auto-zero interval allows the effects of offset, tempera- 
tures and drift to be impressed on the auto-zero storage 
voltage, Vstrg, which is maintained as a reference by Cetrg. 
Therefore, during the succeeding measure interval these ef- 
fects will be balanced out. In addition, Vstrg acquires a 
voltage component available at the AZ amplifier output, 
which provides a current equal to -4 VpRRF/R] through 
resistor R3. The net current provided to the integrator sum- 
ming node by the sum of Vgtrg/R3 and the current through 
Rj is either + or —. VRER/2R]1, depending on the position 
of the Up/Down switch. The input of the buffer amplifier 
is grounded during this interval. 


The input voltage VN is applied to the input buffer ampli- 
fier during the measure interval. This amplifier, in conjunc- 
tion with R9, supplies an additional current V[N/R2 to the 
integrator summing node. The comparator transmits the 
state of the integrator output (with respect to Vetrg) to the 
control logic. The control logic attempts to establish equi- 
librium in the circuit by operating the Up/Down switch at 
one of the two available duty cycles (7 clock cycles UP, one 
cycle DOWN; 1 clock cycle UP, 7 cycles DOWN) while the 
counter keeps track of the net UP count. The integrator 
output, Measure/Zero (M/Z), Up/Down (U/D) and com- 
parator levels during the measure interval are shown in 
Figure 2. 


The following equations describe the measurement tech- 
nique: 

AQ =0 

WHERE: 


VIN VREF 
A panip Beaaiabd ae At cs 
Q R measure ORifin 


+VREF 
(NU) OR fin (Np) (1) 
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WHERE: 


(NU) = (# counts UP) and 
(Np) = (# counts DOWN) 


BUT: 


# counts UP + # counts DOWN = 4096 (clock cycles in 
the measure interval) (2) 


# counts UP — # counts DOWN = net count (3) 


THEN: 


VIN VREF 


0 = — At _ net count 
R) measure ORIN ( ) 


BUT: 
Atmeasure = 4096/fIN (5) 


Substituting and multiplying by ff yields 


Net count = VIN - Ril eee (6) 


R2~ -VREF 
Equation (6) is fundamental to the application of the 
LD110/LD111 A/D converter set. 


Component Selection 


Application of the LD110/LD111 A/D converter set should 
begin with the selection of power supplies and the clock 
frequency. The recommended supply voltages are Vj = 12 V) 
+ 10%, V2=-12 V + 10% and Vss = 5 V + 10%. Clock fre- 
quencies between 2 kHz and 75 kHz are recommended. 
The duty cycle of the clock is not of particular importance; 
the logic “0” time should however, be greater than 5 usec. 
The sampling rate and clock frequency are related as follows: 


Sampling Rate = f[N/6144 (7) 
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The clock frequency may be chosen to minimize line fre- 
quency interference. If the auto-zero and measurement 
periods are integral multiples of the line frequency (fL) per- 
iod, line frequency rejection will be maximized: 


AtZERO = 2048/fIN (Atmeasure = 2 Atzero) (8) 

2048 _ Jn’) where'n = 1,°2, 3,...'.'51 . (9) 
iN fl 

THEN 

f 2048 fL (10) 


Once the clock frequency is chosen, the proper values for 
the external RC components may be determined. 


Equation (6) defines the relationship between the ratio 
Rj/R2 and the reference voltage Vppp when a full-scale 
voltage range Vyn (F-.S.) is chosen. This relationship is: 


R2 _ VIN (F.S.) 
Rj 2000 


8192 
VREF 


(1) 


It is usually more convenient to select VRER before assign- 
ing resistance values because of the implications of temp- 
erature coefficients, availability, or other considerations. 
|VREF Should be greater than 5 V, but less than V1. As 
|VREF is increased the U/D switch ON resistance decreases, 
as is shown in Figure 3. Ry also increases with VRER, thus 
|decreasing the proportion of the total resistance provided 
|by rDS(ON). Consequently, a large VREF minimizes the 
effects of the U/D switch ON resistance. It is very important 
that VRFF have a low temperature coefficient to minimize 
drift and the resulting count error. 


RDS(ON) (OHMS) 


OP Re 2 Sis 46) 6 2748 9) 610) 11 


VREF — REFERENCE VOLTAGE (V) 


Rps(ON) (U/D Switch) vs. VRef and Temperature 
Figure 3 


Equation (12) shows the change in count which will occur 
for a fractional change in Vppp (see Appendix A, Page 10) 


VIN 


AAVREEF 
VIN (F.S.) 


VREF 


| Acount = -2000 (12) 


Consequently, the count will decrease by 1 for each +0.05% 
change in VppR, for VIN = VIN (F:S.) 
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R2 should be chosen to supply a full scale current of 20 uA 
into the integrator summing node (100 KQ for 2.000 V 
and 10 KQ for 200.0 mV). Rj can then be determined by 
Equation (11). Rj, R2 and VppF and the basic temperature- 
sensitive components of the system. The auto-zero interval 
makes the system essentially independent of changes in 
CINT, R3, R4, R5, Cstrg and the offset voltages of the 
amplifiers. In Figure 3, note that the U/D switch ON resis- 
tance has a temperature coefficient of about 0.2/°C. This 
temperature-dependent resistance must be considered as a 
part of Rj, the reference resistor. The error in count result- 
ing from a change in this total resistance Rj is examined in 
Appendix B (Page 10) and found to be: 


VIN AR] 


ACount = 2000 —————_— 
VIN (F.S.) Ry 


(13) 


Since the count is proportional to the ratio Rj/R2, equal 
temperature coefficients for these resistors should allow 
this ratio (and the count) to be maintained even with a 
change in the ambient temperature. It is desireable, how- 
ever, to use resistors with low temperature coeffients for Rj 
and Rz to reduce any errors resulting from the differences 
in these coefficients. 


The net error that can be attributed to temperature effects 
is the sum of the errors due to the changes in VRFF and the 
RDS(ON) of the U/D switch. Temperature compensation 
for the A/D converter circuit, then, can be approached in 
two different ways. The first method would be to provide a 
large VREF (less than Vj, however) with a very low temp- 
erature coefficient. This would require a large value of re- 
sistance for Rj, reduce RDS(ON) and make changes in 
RDS(ON) negligible. The alternative method is to note that 
a reference voltage with a positive temperature coefficient 
produces an error in the count which tends to oppose the 
error caused by the positive temperature coefficient of 
RDS(ON)- Thus the two effects can be used to counteract 
one another (an example is provided in Appendices A and 
B). 


The specified accuracy of the A/D converter will be main- 
tained if the integrator capacitor Cyj\T7 is chosen so that the 
voltage swing of the integrator is held to within 0.75 volt of 
Vstrg. An analysis of this constraint, shown in Appendix C, 
(Page 11) results in the following relationship for CINT: 


28.5 VIN (ES.) 
R2fIN 


CINT = (14) 


This capacitor and the zener diode to be placed in parallel 
with it should have a combined leakage of less than 10 nA 
(see Appendix D, Page 11) to minimize this possible source 
of error. 


The storage voltage, Vstrg, should be maintained between 
-2 V and -5 V for normal operation. The ON resistance of 


7-25 


(LLLG1/OLLG1) L-pZNV 


SIOLIOAUOD G/Y = 


AN74-1 (LD110/LD111) 


the auto-zero (AZ) switch is typically 11 K& at Vstrg = 
-4 V (V2 = -12 V), and will increase significantly with an 
increasingly negative storage voltage. Resistor R3 can be 
selected to provide the desired Vstrg by using Equation (17). 
The integrator output, which swings around Vetrg during 
the measure and zero intervals, must always be more posi- 
tive than -9 V to maintain the functionality of the analog 
processor. This can be accomplished by placing back-to- 
back Zener diodes in parallel with C[NT (the second diode 
is to prevent the Zener from being forward biased). It then 
becomes important that the integrator output voltage not 
exceed the breakdown voltage of the Zener diodes, for the 
maximum input voltage for. which an accurate readout is 
desired. The relevant equations are: 


Vo(min) > -Vzener (15) 


WHERE: 


7 VREF , VIN(max) 
Vo(min) = Vstrg - ayn Sue | “REE jes Nemiaa) (£6) 


f{NCINT 2Rj R2 
(see Appendix C) 


-VREF R3 
V = 
strg 5 Ry 


is not at zero potential) 


3 Vui-g (If Hi-Q Gnd (17) 
R2 


If Vo(min) exceeds the breakdown voltage value of the 
selected Zener diodes, either Vstrg or CINT must be ad- 
justed to maintain this inequality (see Equation (15)). 


A number of engineering tradeoff considerations must be 
made in selecting RC components for the A/Z filter (R4, 
R5 and Cstrg). Some of these are covered in Appendix E. 
Various component values for different clock frequency 
ranges are presented in Table I, along with the recommended 
values for the integrator capacitor, C[NT. 


TABLE | 
Auto/Zero Filter Values 


fin CiINT Cstrg oa R 
(kHz) (UF) (UF) (K&2) (KQ) 
2to 10 0.1 1.0 68 15 
10 to 20 0.039 0.056 240 47 
20 to 40 0.022 0.056 120 33 
40 tu 75 0.01 0.056 82 18 
APPLICATIONS 
Digital Voltmeters 


The circuits shown in Figure 4 present the LD110/LD111 
A/D converter set in typical +2.000 V digital voltmeter 
applications. The clock frequency of 24.5 kHz provides a 
sampling rate of 5 samples per second. Trimmer resistor 
R6 calibrates the DVM. R] and R?2 are metal film resistors. 
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The illustrated connection of the analog circuit grounds 
(Pins 2 and 7 of the LD111) and the digital circuit ground 
(Pin 12 of the LD110) is for schematic convenience only. 
The digital component grounds should be connected to- 
gether and brought to a reference point such as the input 
voltage ground, and not directly to the pins of the LD111. 


The use of a seven-segment LED for Digit 4 will allow the 
DVM to be employed up to the maximum count of 3100. 
The output of the BCD-to-seven-segment decoder will be 
erroneous during Digit 4 time, however, because under- 
range information is encoded on bit 4 during Digit 4 time. 
The bit 4 input of the decoder in Figure 4a (bit 4 is the 
most significant bit) should be clamped to ground during 
Digit 4 time to provide the correct Digit 4 readout, as in: 


(18) 
where Bn is the nth BCD data bit and Dy is the nth digit. 


Input D of decoder = Bg - D4 


The display will blink at a rate equal to the sampling rate 
when the count exceeds 1999. If the grounding system is 
poor, erroneous readings will result for counts of 2000 and 
above. 


The data output format is an interlaced scan of Digits, 1, 3, 
2 and 4 with Digit 4 as the most significant digit. This per— 
mits the use of Sperry displays with clock frequencies of 
25 kHz or less. All outputs are active high and TTL-com- 
patible. 


The overrange and underrange signals may be obtained by 


external logic, i.e., 


MUX Underrange = Bg - Dg (5% of full scale) 


MUX Overrange = Dj + D2 + D3 + D4 (100% of 
full scale) 


(19) 
(20) 


Autoranging DVM 


The circuit in Figure 5 shows how the decoded underrange | — 


and overrange signals can be used to make an automatic- 
ranging DVM. The circuit will cycle through five ranges 
(200 mV to 2,000 V), starting with the most sensitive 
range and proceeding through the less sensitive ranges until 
the proper operating range is attained. 


When the cycle proceeds from the most sensitive to the] | 


least sensitive range, the proper range will be achieved for 
voltages which will provide a count between 1000 and 2000. 
If the cycle began at the least sensitive range, a voltage such 
as 15.0 V would be read on the 200 V range, since the 
count of 150 would not initiate an underrange signal to ad- 
vance the circuit to a more sensitive range. 


The two-input NOR gate decodes the underrange signal to 
preset the shift register with a “1” logic at each of the 


parallel bit outputs. A Siliconix DG201 quad SPST CMOS} 
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Figure 5 
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analog transmission gate is employed in the circuit so that 
each of the four switches of the DG201 will be OFF when 
a logic “1” signal appears at the appropriate input. 


Diodes Dj and D2 clamp the input of the LD111 processesor 
at +5 V to prevent damage which could result from large in- 
put voltages. The presence of the overrange signal (Equation 
(20)), decoded by the combination of the five inverters and 
NAND gate 1, transfers the logic “0” signal which appears 
at NAND gate 2 into the shift register. Logic “O”’ appears 
at the A output of the shift register and turns on the DG201 
switch which is associated: with R72, producing a voltage 
division of 10:1. The serial input of the shift register re- 
mains at logic “1” when any of the outputs are at logic “0”, 
this insures that only one of the four DG201 switches is ON 
at a given time. The logic “0” signal is shifted through the 
register until the proper range is acquired. When the input 
voltage is removed the decoded underrange signal returns 
the shift register to the initial state. 


The current-sinking capability of the shift register can be 
used to turn on the appropriate decimal point cathode of 
the LED display, with the only additional required com- 
ponent being a 150 {2 current-limiting resistor. Inverters 1 
through 4 can be used as inverters 1-4 of the DVM circuit 
shown in Figure 4. The filter R¢ C1 insures that there will 
be only one range change for each overrange signal, while 
the filter comprised of R7 C2 eliminates an erroneous un- 
derrange signal which can occur if bit 4 of Digit 2 time 
overlaps into Digit 4 time. 


The R6C] and R7C? filters are optimized for the 24.5 kHz 
clock frequency of the DVM circuit in Figure 4. Clock fre- 
quencies of less than 10 kHz or greater than 40 kHz may 
require the adjustment of C and C3. 


+5 V ISOLATED 
O 


wii 


COMPARATOR 
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Optical Isolation Circuit 
Figure 6 


The ON resistance of the four switches in the DG201 quad 
transmission gate is typically 160 {2 with +12 V supplies. 
This resistance has been considered in determining the values 
of range resistors R7, R3, R4 and R5. Some trimming may, 
however, be necessary. 


The input impedance is greater than 10 MQ on all ranges. 
Since the circuit changes range once every sampling per- 
iod, the time required to attain a reading on the highest 
range is 30720/fIN. 


Isolated Analog Processor 


The isolation circuit shown in Figure 6 provides a floating 
analog processor for measurement of off-ground signals 
such as those found in medical, nuclear, and process control 
instrumentation. 


The three analog-to-digital interface signals (M/Z, U/D and 
comparator) are isolated via high-speed optical couplers 
with a 2,500 V insulation. Transistors Q], Q2 and Q3 pro-= 
vide TTL level drive capability to interface the optical 
couplers with the LD110/LD111 system signals. The isola- 
tors in the M/Z and U/D channels are used in the non-in- 
verting mode while the isolator in the comparator interface 
is used in the inverting mode. Transistor Q4 shift the TTL 
level signal to the MOS level required at the LD1 10 compar- 
ator input. 


Although the isolators tend to shorten the pulse length of 
the LD110/LD111 system signals, the unique conversion | 
technique of the system automatically compensates for 
this, and no additional adjustments are necessary. 


LD110 


COMPARATOR 
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Ratio Measurements 


Equation (6) shows that the LD110/LD111 A/D converter 
measures input voltage as a ratio: the count is proportional 
to the ratio of the input voltage and the reference voltage. 
This system conversion technique is ideally suited to the 
measurement of ratio. Ratio measurements using a reference 
voltage which is also the excitation voltage of the ratio de- 
vice allows measurements to be independent of variations 
in the excitation voltage. Typical ratio-measuring circuits 
are shown. 


X- VREF 
“A re) TO VIN 
(L0111) 


HI-QUALITY 
O TO GROUND 
(LD111) 


(a) POTENTIOMETER (b) BRIDGE MEASUREMENTS 


Ratio Measurements 
Figure 7 


The output of the potentiometer in Figure 7A (which can 
represent position, level, etc.) can be substituted in Equa- 
tion (6) to demonstrate this capability: 

Ri 8192 "R 


Count = XVREF - — 


Sees. 8199X 
Ra VREF R92 


(21) 


Bridge transducer measurements, as shown in Figure 7B, 
can also be normalized to an external reference. The Hi-Q 
ground input of the LD111 functions as the inverting input 
| of a difference amplifier to provide a count proportional to 
the difference of the two input voltages VA and VB. 


VREF 


5192 G4 = as) 
Ri3+Riq Ria t+Ri2 

Ratio measurement techniques can also be extended to re- 
sistance measurement. The resistance-measuring circuit 
shown in Figure 8 will measure accurately to 20 M{2 when 
associated with a buffer amplifier (Aj) having a low input 
bias current (IJIN < 30 nA). The circuit illustrated uses two 
of the three amplifiers contained in the Siliconix L144 
micropower triple op amp. 


Count = 


(22) 


This circuit exhibits a very high reference voltage rejection 
ratio, as shown by the following pertinent equations. (1) 


VIN = VREF ( s ) (23) 


R+ xX 


(24) 


VREF = VREF | Cs 


Siliconix 


TO Viw (LD111) 
(2.000 V SCALE) 


RANGE RESISTOR 
819.22 
8.192 KQ 


O 
R12 51K 2 


81.92 KQ 
830 KQ 

8.51 M2 
163 MQ 


R13 51K 2 


X (UNKNOWN) 


OVREF 


TO Vref INPUT 
(LD111) 


Resistance To Voltage Converter 
Figure 8 


Substituting into Equation (6) yields 


se ie SUNS 
Count = 8192 R i Bia VRS 


Current-To-Voltage Converter 


A current-to-voltage converter featuring eight decades of 
current range is shown in Figure 9. The circuit is intended 
to be used with the 200.0 mV range of the DVM. 


TO Vin (LD111) 
(200 mV RANGE) 


CURRENT Ry 
RANGE 
200 nA 

2UA 50 KQ 
20 UA 5KQQ 
200 HA 1KQ 
2mA 50 KQ2 
20 mA 50 KQ 
200 mA 50 KQ 
2A 50 KQ2 


a 
b 


500 KYQQ 


=o 


o-cao 8 8 8 8 


Current To Voltage Converter 
Figure 9 
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The arrangement actually comprises two different circuits, 
as examination of the table of resistance values in Figure 9 
will show. The more sensitive ranges (up to 200 wA) use the 
amplifier in a differential mode to give an output equal to 
-2 I[NR}. This configuration effectively cancels the contri- 
bution of the input bias currents to the output voltage. 
(Since this error would be insignificant on the 200 uA range. 
R2 is eliminated.) 


The less sensitive ranges (2 mA to 2 A) use the amplifier in 
an inverting configuration to provide an output equal to 
-IIN R4 Ry/R3.(2) Input protection is provided by diodes 
D, and D2. 


AC-To-DC Converter 


When an AC-to-DC converter is designed using the LD110/ 
LD111 converter set, the input impedance and input bias 
currents should approximate those of the LD111 input buf- 
fer amplifier. This is particularly true if the autoranging cir- 
cuit of Figure 5 is used so that the same range resistors can 
be employed for both AC and DC measurements. The AC- 
to-DC converter shown in Figure 10 fulfills these require- 
ments. The circuit includes a PMOS enhancement-mode 


R7 

5K 
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ADJUST 
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O 
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4 NE529A 


R2 25K 


A2 
N74121A 


7-30 


AC to DC Converter 
Figure 10 


"CALIBRATE AT 1000 COUNTS 


Frequency To Voltage Converter 
Figure 11 


FET input buffer amplifier, coupled to a classical absolute | 
value circuit which essentially eliminates the effect of the 
forward voltage drop across diodes Dy and D2. 


A filter removes the DC component of the rectified AC, 
which is then scaled to RMS. The output is linear from 
40 Hz to 10 KHz or higher. 


Digital Frequency Meter 


A digital frequency meter can be fashioned by using the cir- 
cuit shown in Figure 11 with the basic 2-volt DVM circuit 
shown in Figure 4. 


The circuit converts frequency to voltage by taking the 
average DC value of the pulses from the 74121 monostable 
multivibrator. The one-shot is triggered by the positive- 
going AC signal at the input of the 529 comparator. The 
amplifier acts as a DC filter, and also provides zeroing. This 
circuit will maintain an accuracy of 2% over 5 decades of 
range. The input signal to the comparator should be greater | _ 
than 0.1 volt peak-to-peak, and less than 12 volts peak-to- 
peak for proper operation. 


GAIN ADJUST 


Rg 
12 K 1% 


© TO Vin L0111 RANGE Cr 
2 kHz 082 UF 
20 kHz .0082 LF 
200 kHz 820 pF 
2 MHz 82 pF 
-12V 20 MHz 8.2 pF 
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Digital Thermometer 


A digital thermometer can be constructed by using the 
change in forward voltage drop across a PN junction as the 
temperature-sensitive element in the circuit. This change is 
typically -2.3 mV/°C. The circuit shown in Figure 12 has 
the base-emitter junction of a bipolar transistor biased with 
a 470 wA current source. 


TO HI-Q GND 
(LD111) 


2N2369 (LD111) 


TEMPERATURE SENSOR 


NOTE: 
THE DVM SHOWN IN FIGURE 4 MUST BE CHANGED 
IN THE FOLLOWING WAYS FOR THIS APPLICATION 


1. RZ = 51 KY 


2. R2 = 23 Kx (CENTIGRADE SCALE) 
11 KQ2 (FARENHEIT SCALE) 


3. HI-QUALITY GND NO LONGER CONNECTED TO 
GROUND 


Temperature To Voltage Converter 
Figure 12 


The junction voltage VBR is applied to the input buffer 
amplifier of the analog processor which functions as a dif- 
ferential amplifier. The buffer resistor R2 is scaled to give a 
count proportional to temperature as shown by the follow- 
ing equations: 


Count = Ri 8192 


R2 VREF 


(26) 


| VzERO = VBE | 


AND SO: 


Count = 1000 A | vzero - VBE | (27) 


Gain A must be approximately 5 for the Centigrade scale 
and 9 for the Farenheit scale. 
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Multiplexed BCD To Parallel BCD Converter 


Although the multiplexed BCD output of the LD110/ 
LD111 A/D converter set is useful for digital displays, there 
are applications (such as printer inputs) in which the BCD 
data for all four digits should be available in a parallel for- 
mat. The multiplexed BCD-to-paralle/BCD converter shown 
in Figure 13 will provide the proper interface for such ap- 
plications. 


The converter consists of 4 quad bistable latches activated 
in the proper sequence by the digit strobe output of the 
LD110. The complemented outputs (Q) of the quad latch 
set will reflect the state of the bit outputs when the digit 
strobe goes high, and will maintain this state when the digit 
strobe goes low. The latches will be updated with the next 
digit strobe. This parallel BCD output will not then be af- 
fected by the blinking-off of the digit strobes when the 
count exceeds 1999 (overrange), and can be used to drive 
a non-blinking display up to a full scale ot 3000 counts. 
The parallel BCD output can be put in a “‘hold” state by 
‘lamping all digit strobes to ground to prevent the up- 
lating of the latches. 


MULTIPLEXED BCD INPUT PARALLEL BCD OUTPUT 
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Multiplexed BCD To Parallel BCD Converter 
Figure 13 
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CONCLUSIONS 


‘The LD110/LD111 A/D converter integrated circuit set 
lends itself to a wide range of applications in which analog 
information is desired in digital format. High accuracy and 
long term stability combined with a minimum of external 
circuitry and calibration requirements make this converter 
set a superior choice for any application. The circuit ex- 
amples presented are intended to be of general interest, and 
do not touch upon the wide variety of more specialized ap- 
plications. 


REFERENCES: 


(1) R. Milner, “/ntegrate with a DMM?”’, Electronic De- 
sign, October 25, 1973, pp. 93-96. 


M.K. Vander Kooi, ‘‘Simple IC Meter Amplifier Cir- 
cuit Measure 100 Nanoamps Full-Scale’’, ED/EEE, 
April 15, 1972, pp. 40-41. 


J. D’Azzo and C. Houpis, Feedback Control System 
Analysis and Synthesis, McGraw-Hill Co. New York, 
1960, pp. 81-83. 


APPENDIX A: ERROR ANALYSIS FOR V pefF 


Equation (6) will be used to derive the count error to be 

expected for changes in the reference voltage VRRR due to 

temperature changes or load regulation. 

Count’ = VIN sal pes (6) 
R2_ VREF 


WHERE: 
Count’ = Count (Ideal) + ACount (Error) 


AND 
VREF = VREF + AVREF 


Substituting (28) and (29) into (6) yields 


Count + ACount = VIN RE at BAe Bae 
R2 (VREF+ AVREF) 


OR: 
Count - VREF + Count - AVRFF + ACount - VpRRF 


(31) 


+ ACount - AVREF = VIN = 8192 
2 


The quantity ACount - AVpgF is very small in relation to 
the other factors and can be eliminated. The product 
Count - VREF is equal to VIN zB 8192 and so these fac- 


tors can be eliminated from both sides of equation (31) 


leaving 
Count AVREF + A Count 


VREF = 0 (32) 


7-32 


THEREFORE: 
AVREF 
VREF 


ACount = - Count (33) 


This can be related to VIN by noting that the full-scale 
count is 2000, thus: 


VIN 


_ AVREF 
VIN (F.S.) 


VREF 


A Count = -2000 (34) 


The reference supply shown in Figure 4 has a typical temp- 
erature coefficient of +20 ppm/°C. Therefore the reference 
voltage would change by 0.1% for an increase in temperature 
of 50°C (20°C to 70°C). The maximum error will occur 
when VIN equals the full scale voltage VIN (F.S.) as shown 
below. 


ACount = -2000 VINES) (991) 


35 
VIN (F.S.) he 


ACount = -2 (36) | 


If no other effects were present, the DVM in Figure 4 will 
show a decrease of 2 in the count for a 50°C increase in 
temperature, if the reference Zener diode has a positive 
20 ppm/°C temperature coefficient. 


APPENDIX B: TEMPERATURE EFFECT OF 
RDS(on) (U/D SWITCH) 


The analysis of the readout error caused by a change in the 
RDS(on) of the U/D switch will proceed along similar logic 
as that of Appendix A. Again we look at Equation (6). 


, 
Count’ = VIN Big ol2e ae (6) 


R2  VREF 
WHERE 
Count’ = Count (Ideal) + ACount (Error) 
AND 
Ry’ = Ry (Ideal) + AR 
Substituting (28) and (37) into (6) yields, 


Count + ACount ==VIN Ria VIN 


R2 VREF 


AR, 8192 (38) 
R2 VRERF 
Eliminating Equation (6) from (38) gives the change in 
count (A Count). 


AR, 8192 
A Count = VIN — = (39 
LRA VREF ) 


Siliconix 


BUT: 


Ry 8192 


V V 
Sy eed R2 Count 


so that by substituting (40) into (39) yields 


Count 


(41) 


AR 
A :Count;= —— 
oun Ri 


or by relating the count to the input voltage VIN we see 
that: 


VIN AR 


4 
VIN (F.S.) Rj be 


ACount = 2000 


We can now examine how the temperature dependency of 
RDS(on) (U/D Switch) will affect the accuracy of the DVM 
application circuit of Figure 4. Using Figure 3, it can be 
seen that RDg(on) willincrease by 100 &2 when the ambient 
temperature changes by about 50°C (VREF = 6.8 volts). 
The maximum error (VIN = VIN (F:S.)) will be: 


100 Q 


ACount = 2000 = 2.41 (43) 
83 KQ 


The net count error will then be due to the sum of the er- 
ror associated with VRRFF and the error due to the change 


is RDS(ON) which is: 
(44) 
(45) 


Net Count Error = ACount (VpgR) + ACount (Rj) 
Net Count Error = -2 + 2.41 = .41 counts 


If the reference resistor Ry and the input resistor R2 have 
the same temperature coefficients, the temperature effects 
of these resistors will be balanced out. 


APPENDIX C: PROPER SELECTION OF THE 
INTEGRATOR CAPACITOR Cit 


In order to maintain good accuracy, the integrator output 
Vo should not be allowed to deviate from Vstrg by more 
than 0.75 volts. The maximum deviation von mo SE will 


occur when the maximum input current YIN (F-5.) is of 
a | 


the same sense as the reference current. These considera- 
tions are shown in the following mathematical expressions: 


7IfIN 
ees: ee + Veer dt (46) 


|AVol = —— Serf ne 


sO 


VIN (ES. 
ie ee VREF , VIN (F-S.) 
CINT fIN 2R] R2 


BUT: 
= 2000 VREFR2_ See Eq. (6) 
8192 VIN (F.S.) 


Substituting (48) into (47) yields 


Siliconix 


7 2.048 VIN (F.S.) Vin (ES. 
BONE | Nes F INES)] (45 
CINT fIN R2 R2 


AND 
21.336 VIN (E:S.) 


[AVol = 
R2 CINT fIN 


(50) 


Setting this absolute deviation equal to 0.75 volts gives 


28.45 VIN (ES.) 


(51) 
R2 fIN 


CINT = 


For the application circuit of Figure 4: 


R> = 100 KQ 
ffN = 24.5 kHz 
VIN (ES.) = 2.000 volts 


From equation (51) then: 
CINT = 0.0232 uF (52) 
and we choose the closest standard value which is 0.022 uF. 


APPENDIX D: ERROR DUE TO Cjyj7 LEAKAGE 


In order to determine how much leakage from inte- 
grator capacitor C[NT is tolerable we must first find the re- 
lationship between read-out error and leakage current IL. 
From Equation (1) it can be seen that the charge Q propor- 
tional to 1 count is: 


-VREF 


Q per count = ————— 
E 2 Ry fIN 


(53) 


Therefore, to maintain an error of less than 1 count, the net 
charge leaked from C]NT during the measure interval must 
be less than the charge associated with 1 count. 


VREF 


VENEERS 50 (54) 
2 Ry fIN 


IL Atmeasure < 


OR 


4096IL - VREF 
fIN 2R1 fINn 


THUS 
VREF 


[pe 56 
tL 8192 Rj | ee 


Given the values for the application circuit of Figure 4, 


Ry = 83 K (after trimming) 
VREEF = 6.8 volts 


THEN: 


IL <10nA to have less than 1 count error 
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APPENDIX E: RC TIME CONSTANTS FOR AZ 
FILTER 


The component values for the RC time constants of the AZ 
Filter (R4, R5 and CSTRG) are derived from a considera- 
tion of the following transfer functions: 


1. The low pass filter composed of R4, R5 Cstrg and the 
AZ amplifier has a transfer function G] (S) 


G1(S) = VA7 eae S+ 1/R5Cstrg 
Vo R4+Rs S+ 1/Cstrg (R4+ R5) 


(57) 


which is of the form 


in S + 27 f9 
Sitee tly 


G\(S)= (58) 


where a _ is the high frequency gain of this filter and fj 
and f2 are the pole and zero frequencies respectively. 


2. The closed-loop system composed of the integrator and 
AZ amplifier has the transfer function G2(S) shown be- 
low: 


Gas) = To = 


59 
aN (59) 


S CSTRG (R4 + R5)+ 1 
S2 R3 CINT Cstrg (R4 + R5) + S(R3CINT + R5 Cstrg) + | 


which is of the form 


Sel qe 
G2(S) = ci ee ae 
pe Site C+ 
we Wy 

SO THAT 


1 
R3 CINT Cstrg (R4 + R5) 


wo? = 
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2 
= Rs Ceirg! YES (62) 
R3 CINT(R4+R5) R4+R5 Cotrg(Ra+ Rs) 


where Wp is 27 times the natural frequency and § is the 
system damping factor. 


With these equations, R4 and R5 can be determined. CINT 
should already be chosen (see Appendix C) and Cgtrg can be 
somewhat arbitrarily chosen (.1 uF is a good choice to keep 
R4 and R§5 at useful resistance values). The following pro- 
cedure evolved from a desire to decrease the high frequency 
gain a@ of the low pass filter while maintaining a well 
damped Auto-Zero system. The procedure is as follows: 


a) From Equations (57) and (58) it can be found that: 
1 
fe ee 
2a Cstrg (R4 + R5) 


ey) 


The total resistance (R4 + R5) can be solved for by set- 
ting fy equal to 2 times the sampling rate. 


b) Since the sum R4 + R5 is known, R5 can be found by 
setting the damping factor equal to 0.4 and solving for 
Rs using Equation (62). 


c) R4 can then be found now that R5 is known. 


These AZ filter component values will be valid if:3 


2048 Fon > 5 (64) 
fIN fiatige 
This assures that Vstrg settles properly during the auto-zero 
period. If the values determined for R4 and R5 do not meet 
this criteria, a higher value of damping factor should be 
chosen and the determination of R5,as delineated in step b, 
should be repeated. 
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Design Aid of the LD110/LD111 
32 Digit DVM Demonstrator Board 


INTRODUCTION 


The schematics, parts-list and art-work for a DVM demon- 
strator board are presented on the following pages. Inex- 
pensive reflective-bar LEDs are used in the basic DVM cir- 
cuit which features 100 wV resolution and an accuracy of 
+0.05% of reading +1 count. A five range voltage divider 
shown on the schematic can further extend the usefulness 
of this instrument. An optional power supply circuit is in- 
corporated into the P.C. board to give line operation if de- 
sired. 


The metal pattern diagram and component placement dia- 
gram are both to 1:1 scale. The component placement art is 
intended to be silk-screened on the top side of the board to 
provide easy component installation. It can, however, be 


used simply as a loading diagram. 


SILICONIX DVM DEMONSTRATOR 


O 
-12V 


Siliconix 


5102 %*W 


39.2 
2W  2N1711* 


*HEAT SINK REQUIRED 


1002 %W 
OPTIONAL POWER SUPPLY 


OPTIONAL VOLTAGE DIVIDER 


10MQ2 1M2 100KQ2 10KQ 


TRIMMER 
ZERO ADJ. 


(OPTIONAL) 9-056 HF 


NATIONAL 
2N4274 —L 


+12 V 


O 
2N5139 


*2N4400 not required when using LD111A. 
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METAL PATTERN FOR DVM BOARD ‘ 
(refer to last page of design aid for 1:1 P.C. pattern) p11 


aaah 
q wit 
yace * 2 S 
ie New pesig? 
rf) 


FABRICATION HINTS 


1. All holes require a #60 drill except 
for the following holes which require 
a #54 drill. 


Transformer 

AC input 

Power Supply filter capacitors 

39 §2 Resistor in Power Supply 
Trimmer Resistor (10K) 

Trimmer Capacitor 

Edge Connector (labeled A thru 
Q) 

Vin (Hi and Lo) 


The location of these holes may be de- 
termined from the component placement 
diagram and the adjacent metal pattern. 


2. Shear board along lines A-A’ and B- 
B. ; 


CIRCUIT BOARD 
(Bottom View) 


Siliconix 
31/2 DIGIT DVM 
DEMONSTRATO 


AIM. 


LED DISPLAY BOARD 
(Back View) 
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INSTALLATION HINTS 


ue 


Zs 


A solid line between two holes re- 
quires a jumper wire. 


The dotted area denotes the optional 
power supply. If bench power is to 
be used, it can be attached to the 
pads marked +12 V,-12 V and+5 V, 


AC line input to “COM” and “110” 
for 110 VAC 50-60 Hz and to COM” 
and ‘'220" for 220 VAC 50-60 Hz. 


Pin 1 of the transformer should be 
aligned with hole marked ‘'1”’. 


Filter Caps, whether axial or radial 
lead type should be upright. 


Anode of E507 denoted by flat spot. 
2N1711 requires a heat sink. 


Display board can be directly wired 
to main board if desired — thus elim- 
inating connector. 


Use Molex strip sockets for LD110/ 
LD111. 


.If the readout has a slight negative 


offset with a grounded input, an 
optional trim capacitor can be added 
to the board (where TRIM is marked). 
This can be a 4—40 pF trimmer or a 
fixed capacitor as needed to zero 
the reading. 


CIRCUIT BOARD 
(Top View) 


LED DISPLAY BOARD 
(Front View) 


COMPONENT PLACEMENT DIAGRAM 
(refer to last page of design aid for 1:1 P.C. pattern) 


dg= —0sSI— 


= OS¢-2 9dd 
TYNOIS 


O0vYNZ 


= oe TO wT Woe Oo. > 


ovo 28 fF KR & = 


CAUTION! 
The AC line voltages associated with this board can be fatal to human life. Proper 
precautions for operating this instrument must be observed by the user. Siliconix 
assumes no liability for unsafe operation. 
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4', Digit A/D Converter Set 


designed for eo ‘site BENEFITS 


Siliconix 


@ High Accuracy Digital Voltmeters, * Svierpetosme rem 


Panel Meters Two Ranges, +2.0000 V or +200.0 mv, 
With Single Resistor Change 


a Digital Scales, Thermometers 28,672 Count Maximum For 42.5% Over- 
i ie range 
& Microprocessor Data Acquisition Sample Rate From One to Five/Second 


® Auto-Zero Cycle Nulls Out Internal and 
Systems External Amplifier Offsets 


@ eee r) A -P | . . ‘ 
= Scientific instrumentation use olarity Operation with One Reference 
Multiplexed BCD Output For Easy Interface 


To Displays 
421 wit wo Overrange Outputs, Underrange Output, 


LD t caf 
Replace Blink Inhibit, and Convert-On-Command 


esigns ti 
for New Oee Capabilities Allow Easy Interface to External 


DESCRIPTION Circuitry and Microprocessors 


The LD122/LD121A 4% digit A/D system uses Siliconix’s ““Quantized Feedback” conversion technique. Intrinsic features 
of this system are Auto-Polarity, Auto-Zero and ratiometric operation. No critical components are required except for a 
stable voltage reference and a low noise op amp. The technique offers superior linearity, normal mode rejection, and stabil- 
ity due to the simultaneous integration of the unknown input and the reference voltages. Unlike other conversion tech- 
niques, the integrator output voltage never represents more than 100 counts, thus critical, high resolution performance is 
not required of either the integrator or comparator. 


The LD120 analog processor is fabricated with a unique combined PMOS/Bipolar process. It contains all the necessary 
amplifiers, MOSFET switches, and switch driver circuits for the system. The reference voltage input is fully buffered on the 
D120 to eliminate the reference switch resistance as a source of error. All the amplifiers are internally compensated. The 
LD120 directly interfaces the LD121A digital processor with no additional active components required. 


The LD121A synchronous processor contains all the digital circuitry for the quantized feedback system. Device outputs 
supply two overrange signals, underrange, sign and 4 1/2 digits of multiplexed BCD data. (All outputs are TTL compatible). 
Overrange is also indicated by blinking digit strobes above 20,000 counts. An input is provided to inhibit this feature at 
user option. Microprocessor controlled operation is simplified by a start conversion input that allows conversion-on- 
command. 


Both devices are supplied in space saving 300 mil dual-in-line plastic packages. The LD120 has 16 pins and the LD121A has 
18 pins. 


FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATIONS 


~ Dual-In-Line Package 


SIGN/ BCD OUTPUTS DIGIT STROBES 
UR/ START 

ORCONVERT 8 By B82 83 Dy D2 Dz Dg Os 
@) ©) © O oO @) 


TOP VIEW 
pees L ORDER NUMBER LD120CJ 
rena has SEE PACKAGES 


COUNTER/ 
DECODER 


Dual-In-Line Package 


MODULO 16 


ee DUTY CYCLE 


COUNTER 


MODULO 49152 
SAMPLE PERIOD 
COUNTER 


LD121A 


GND 


LD120 LD121A 
SWITCH STATES ARE FOR A LOGIC “0” AT U/D AND M/Z INPUTS. ORDER NUMBER LD121ACJ 
SEE PACKAGE 19 
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LD120 LDI21A 


ABSOLUTE MAXIMUM RATINGS 


Vin (Pin 15, 2 LD120) _ Operating Temperature 


lWNPUT (LD120) 2 Storage Temperature 
V+ — V— (LD120) Power Dissipation (Package) * 


Vss — Vpp (LD121A) 
Any Pin (LD121A) #0) “Device mounted with all leads welded or soldered to PC 
Board. Derated 6.3 mW/C above 25°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25 C. Lots are sample tested for AC parameters and high and low temperature limits 
to assure conformance with specifications. 


CHARACTERISTIC ae x 
Pmt | ea | 
diese 


Linearity 
Ce ene 2 
Noise (Note 1) 


TEST CONDITIONS 
UNLESS NOTED OTHERWISE 
V+ = 12 V; V— = Vpp = -12V, 

Vss = 5 V, Ta = 25°C 


2 V Scale 
Count 

200 mV Scale 

2 V Scale 
Count 

200 mV Scale 


ee pe 
ee | aos 
Fe cecleomamnnaenn? Lo 
L = 50 or 60 Hz 
igen Ah (Seca kang cians ee emt 2 
Ee i SOON AE | 


UNITS 


+1 
i 


ib ah tees mote wb Dal Range Over Which Functionality is Guaranteed 
now Pap | 
ee 


at 
Messi 24 
igasete 
Pit 
Fae! 
sae 
ase 
to) eon 
Sl 
Bee 


icatenonaduhs dGiemald 
VINH 
Blink (Note 5), Start, CLK IN 


Bit Lines, Sign/OR/UR Digit Strobes Be 


Comparator Input, Sign/UR/OR/ 
Guaranteed Input Threshold Voltages 


Vin=O0V 
loH = —40 uA 


Fer loH = —150 uA 


rePa-Q0-0 corP=2=n-0FrF 


lon =—0.5 mA 
lot =0.8mA 


50% Duty Cycle 
fCLK + 640 


Start Convert (Note 6) 


foLk a Rey ges eae 
_ NOTES: 


Bit width over which reading is stable 90% of the time. 
. System Parameters are not directly tested. 
- fCLK = 163.84 kHz, VReF =6.8 V. 
. All outputs disconnected. 
Pin characteristics only during Dg strobe time. 
Minimum positive going pulse width to initiate a conversion. 
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ELECTRICAL CHARACTERISTICS (Cont'd) 


CHARACTERISTIC 


L 
D 
1 

2 
0 
Cc 
J 


—5 


°o 


Switch Resistance (on) (Note 8) 


Output Swing 


oD Lt rel 
| 
0 
=) 
ro) 


M/Z, U/D Inputs 


Typical values are for Design Aid Only, not guaranteed and not subject to production testing. 


NOTES: 


. Bit width over which reading is stable 95% of the time. 

. System Parameters are not directly tested. 

. foLK = 163.84 kHz, VREF=6.8V. 

. All outputs disconnected. 

. Pin characteristic only during Dg strobe time. 

. Minimum positive going pulse width to initiate a conversion. 


TEST CONDITIONS 
UNLESS NOTED OTHERWISE 
V+ = 12V;V—=Vpp =-12V, 

Vss =5V,Ta= 25°C 


3 


no) =e 


Vin =2V, Buff Out =0 V 
VIN =—2 V, Buff Out =0 V 
VIN = £2.8V 

Ta = 70°C, Vin = +2.8V 


= 
> 


Ta = 70°C 


uo) 


VouT = 90V 

VstRG =—4V, Ips = 30HA 

Vit (U/D IN), =0.8V,VQ=0V 
Vin (U/D IN) =20V,VQo=2V 
Vin (Int. IN) = —100 mV, Vo =O V 
Vin (Int. IN) = 100 mV, Vo =O V 


Ri = 10k to +5 V, AZ FILTER IN = 
100 mV 
mV INTEGRATOR OUT =0 V 


A Vin = 2.0 V 
MA ViL=08V 


'LD120-CMAM-A LD121A-IPDC VI 


. Maximum voltage for VijqjpuT (pin 1) or hi-quality GND (pin 2) for which linearity can be guaranteed. (Sum of normal and common 


mode input.) 
. VSTRG Must be more positive than —4 volts. 
‘9. Reference Source Impedance must be less than 10K £2. 


INPUT/OUTPUT SCHEMATICS 


Vss 


oe 


a is 


LD121A Output Buffers 
(Digits, Bits, Sign, M/Z U/D) 


TO INPUT 
BUFFER AMP 


LD120 Input 


Siliconix 


LD121A Clock Input 
Start Convert 


200 ¢) COMP 


OUTPUT 


V— 
D120 Comparator Output 


LD121A Comparator Input 
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FUNCTIONAL SYSTEM OPERATION 


Timing: The external oscillator is divided to generate a 2-? 
clock on the synchronous digital chip. A time base generator 
divides the clock frequency into sampling intervals of 
49,152 pulses of which 16,384 pulses are the Auto-Zero 
interval and 32,768 pulses are the measure interval. 


Auto-Zero Interval: The connection diagram in Figure 1 
illustrates the system during the Auto-Zero interval. The 
input buffer is switched to reference ground and supplies 
a current equal to its offset voltage divided by Ro to the 
integrator summing mode. The U/D buffer is toggled by the 
digital processor between Vper and ground with a 50% 
duty cycle. This results in a current flow equal to Vager/ 
R 1 to the summing node half of the time. The AZ capaci- 
tor, CoTRG, assumes a voltage, VstRG, that is equal to 
the average value of integrator output. The AZ buffer 
supplies a current to the summing node equal to the 
VSTRG voltage divided by R3. 


The system will reach an equilibrium when the sum of the 
DC currents into the summing node equal zero. At this 
time, the current through R3 equals —% Vrer/Ry plus 
the small currents necessary to cancel the offset of the 


INPUT BUFFER 


input buffer and integrator input bias current. Capacitor 
CstRG ‘stores’ VotRG when the AZ switch opens at 
the end of the Auto-Zero interval. The digital BCD counter 
is inactive during Auto-Zero. It is reset to zero during the 
last clock pulse of the Auto-Zero interval. 


THE U/D CONTROL DURING THE MEASURE 
INTERVAL 


The U/D buffer is switched to Vaef when the U/D control 
is low. In this state the currents through R41 and R3 sum to 
% Vepef/R}1. A high level on the U/D control connects the 
U/D buffer to ground. During this state the sum of the 
currents through R; and R3 sum to —% Vpger/R}. In one 
clock cycle, a charge equal to Vag¢¢/2R1f|N coulombs is 
either added or subtracted to the integrator capacitor. 
The BCD counter is decremented for each addition of this 
quantized charge and incremented for each subtraction of 
quantized charge. 


THE MEASURE ALGORITHM 


The input is connected to Vjjy during the measure interval 
and supplies a current to the integrator equal to Vjjj/RQ. 
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FUNCTIONAL SYSTEM OPERATION (Cont'd) 


This causes the integrator output to move away from 
VstrRG- The digital processor attempts to keep the inte- 
grator output near VotRG by adding or subtracting 
quantized charge to Cjyjzt. The net amount of charge 
required to accomplish this is totaled by the BCD counter. 
The BCD count at the end of conversion equals the number 
of charge parcels necessary to cancel the input current 
supplied through R>. The resulting count is proportional to 
the voltage at Vij. 


U/D DUTY CYCLE CONTROL DURING THE MEASURE 
INTERVAL 


The digital processor contains a modulo 16 duty cycle 
counter that provides the U/D control output. This counter 
examines the state of the comparator once each 16 clock 
cycles during state 15. If the comparator is high, the U/D 
control will be high for one cycle and low for 15 cycles 
in the next 16 clock cycle period of the duty cycle counter. 
If the comparator output is low, the U/D control will be 
high for 15 cycles and low for one cycle in the next period 
of the duty cycle counter. Figure 2 illustrates these wave- 
forms. The effect of these two duty cycles is to source or 
sink a net 14 charge parcels to Cyyy7, thus driving the 


integrator output toward VotRqG and accumulating counts 
in the BCD counter in groups of 14 counts. This dual duty 
cycle control technique results in a fixed number of U/D 
control transitions, regardless of the value of Vij; therefore, 
these transitions cannot cause linearity error. The first few 
periods of the measure interval are illustrated in Figure 3 
for a negative V jj. 


AUTO-ZERO OVERRIDE AT THE END OF MEASURE 


The BCD counter contents equal a multiple of 14 counts at 
the end of the measure interval. A residual voltage on Cyn) 7 
represents the remaining unresolved portion of the input 
voltage. This voltage is cancelled and the corresponding 
counts accumulated during a brief override period at the 
start of the AZ interval. Normal AZ interval action is 
inhibited until this residual count is resolved. 


The override period starts at the end of the Measure Inter- 
val. The input buffer is switched to reference ground as no 
additional charge is desired from Vjjy. The U/D control is 
set high. After the comparator goes high, the U/D control 
is switched low at the next state 8 of the duty cycle 
counter. The next transition of the comparator ends the 
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U/D DUTY CYCLE A | | | | 
U/D DUTY CYCLE B | | 


DUTY CYCLE 
COUNTER STATE 0 1 2 3 4 5 6 7 8 OS AO a M127 See a eet 


Modulo 16 Dual Duty Cycle Counter Waveforms 
Figure 2 


COMPARATOR SAMPLE 
POINTS FOR NEXT 
DUTY CYCLE SELECTION 


COMPARATOR 
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INTEGRATOR 
OUTPUT 


15 1415 01 
ha ee) Ree) 
COUNTER = 


COUNTER = 0 COUNTER = COUNTER = -14 
Measure Interval Timing (Vjyy ~ —1 V) 


Figure 3 
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conversion and the BCD counter is synchronously inhibited. 
The output latches are updated on the next clock pulse 
with the sign and contents of the BCD counter. The over- 
ride period ends (end of conversion) and normal AZ action 
is initiated by the closing of the AZ switch. The duty cycle 
counter now drives the U/D control high during states 0 
through 7 and low during states 8 through 15 for the re- 
quired AZ interval 50% duty cycle. 


Figure 4 illustrates the events at the end of the measure 
interval. The slope of the dotted lines is proportional to 
the unknown current through Ro. 


The self oscillation following the override period keeps 
Vint near VotRG until sync is achieved with the duty 
cycle counter. This feature eliminates large transients on 


DUTY CYCLE 
CONVERTER 
STATE M/Z 


CsTRG and results in highly stable Auto-Zero loop charac- 
teristics. 


DIGITAL INTERFACE FUNCTIONAL DESCRIPTION 
BCD Outputs— (Pins 9, 10, 11 and 12): The output latch 
contents are time multiplexed in a digit serial, bit parallel 
fashion through 4 push-pull TTL compatible output buffers. 
A high level (sourcing current from Vgs) indicates a one 
and a low level (sinking current to ground) indicates a zero. 
Bo is the least significant Bit. Figure 5 illustrates the 
timing relationship. All BCD outputs are valid during digit 
strobe time. 


Digit Strobes—(Pins 1,2, 16,17 and 18): Figure 5 indicates 
the operation of these outputs. The strobes are TTL compa- 
tible. Only one strobe is high at one time. The strobe period 


L SWITCH OPENS 


fj A/Z SWITCH CLOSES 


Pebty  Le be bee Sane 


SLOPE PROPORTIONAL 


TO Vin 
INTEGRATOR 


OUTPUT 


OVERRIDE 
og 
INTERVAL 


—14 NET COUNTS ADDED 
TO COUNTER TOTAL 


END OF 
£ CONVERSION 
—14 NET COUNTS ADDED 
TO COUNTER TOTAL 


Alogrithim Waveforms at the End of the Measure Period 
Figure 4 


640 CLOCK CYCLES 


32 CLOCK 
CYCLES 


DATA | 


SIGN/OR/UR 


POLARITY BLINKING 
INHIBIT 


INPUT 


OVERRANGE 1 
> 20,000 


OVERRANGE 2 
> 25,000 


< 1,799 


OVERRANGE/UNDERRANGE SIGNALS 
DO NOT REPEAT UNTIL THE 
NEXT CONVERSION CYCLE 


UNDERRANGE 


LD121 Digital Output Timing Diagram 
Figure 5 
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is equal to 640 clock cycles with a 15% duty cycle. An 
inter-digit blanking period of 32 clock cycles permits easy 
interface with gas discharge displays. The strobe sequence is 
Ds (MSD), Dg, D3, Dz, Dy (LSD). 


Clock Input (Pin 8): Pin 8 requires an external clock input. 
The system operates from the positive clock transition al- 
lowing a 30 to 70% duty cycle in the external oscillator 
waveform. To maintain the linearity specifications of the 
A/D converter set the short term stability of this oscillator 
‘should be better than 1 part in 2 x 104. 


Sign/Overrange/Underrange (Pin 13): This pin operates as 
a TTL compatible output during D,, D5, D3 and Dg strobe 
times and as an input during Dg strobe time. Figure 5 
indicates the timing relationship. Information is presented 
to this output as follows: 


At D5 Time — Polarity is indicated by a high level for 
positive and a low level for negative. It is 
valid approximately 0.25 usec after Ds 
goes high until the end of each Ds strobe. 

At Dg Time — The output buffer assumes a high im- 
pedance state. An input latch samples 
the voltage level imposed on this pin 
during Dq time. A high level will inhibit 
the overrange blinking (digit strobes are 
suppressed during zero interval). An 
internal pull down resistor will hold 
the pin voltage low if the pin is 
unconnected or the load is high imped- 
ance. An alternative method for selecting 
overrange blinking is the choice of out- 
put buffer. A TTL buffer connected to 
pin 13 provides a pullup inhibiting over- 
range blinking. A NPN buffer driver 
provides a pulldown yielding normal 
overrange blinking. 

At D3 Time — If the count is equal to or greater than 
20,000, a single positive going pulse will 
occur at the beginning of the first D3 
time after the end of conversion cycle. 
The pulse width equals one clock cycle. 
The overrange blinking is momentarily 
inhibited when overrange pulses are 
present to prevent the display blinking 
feature from interfering with the 


decoding of the overrange output. 
At Dy Strobe— A second overrange pulse occurs at the 


Time beginning of the first D> time, after 
the end of conversion, if the count is 


equal or exceeds 25,000 counts. 
At D, Strobe— A single pulse occurs at the beginning 


Time of the first D1 time after the end of 
conversion, if the count is less than 
1800 counts. 


All overrange and underrange signals are one clock pulse 
wide. They occur only once per measure/zero cycle. 


Start Conversion (Pin 7): A low level on this TTL compati- 
ble input holds the system in the zero mode continuously. 
A positive going pulse at least one clock time wide initiates 
one conversion cycle within 16 clock cycles after system has 


Siliconix 


completed minimum auto zero cycle. The digital data is 
valid after 32,850 clock cycles. A static high level on this 
input provides normal cyclical operation. An internal pull up 
resistor allows this input to remain unconnected when 
conversion control is not desired. 


APPLICATIONS 
1. The recommended supply voltages are: 


V+= 12 V £10% 
Vpop, V—= —12 V 10% 


Vss = 5 V 410% 
VREF=2Vtol0V 


2. The reading is essentially the proportionality of Vij 
compared to VREF as shown in the gain equation: 


65,536 
VREF 


R 
COUNT INS 7 MA HSN Pree 


R 1 is independent of the U/D switch resistance due to 
the incorporation of the U/D buffer amplifier in the 
LD120. Gain can be calibrated either by varying VREF 
or trimming the resistance of Rj to obtain the correct 
full scale reading. 


3. The output of the integrator should always be more 


positive than —9 V (for Vpp = —12 V) to obtain speci- 
fied accuracy: 


Vo (min) > -9 V 


V R 15 V Vin (max) 
Vo (min) = — YREF R3 | REF , VIN 


2R4 feLk CINT | 2R1 R2 
Change value of C),j7 to set Viyyz(P-P). 
Large integrator swing provides the best performance. 


VINT (P-P) = 6 to 8 volts is recommended. 


MINT APP) 


30 te: MIN wea 
foLK CINT L 2R1 R92 


4. Although any oscillator frequency from 50 kHz to 


250 kHz can be used, frequencies that provide integer 
number of line frequency cycles per measure period 
provide maximum line noise rejection. These frequencies 
are: 


32,768 FLINE 


tCLK. = “hint=8.- 9-107 9. 1/40 


n 


feLK = 163,840 is popular since it provides both 50 
and 60 Hz rejection. 


5. The sampling rate = fo, «/49,152 cycles/sample. 


6. After a start conversion pulse, data is valid 32,850 
clock pulses later and remains valid until at least 32,768 
clock pulses after the next start pulse. During contin- 
uous cycle operation, data is assured valid when M/Z 
is high or 100 clock cycles after the one/zero transition 
of M/Z. 


7. Any capacitive coupling between U/D and Comp. is 


detrimental to proper algorithm operation. PC board 
layouts should not allow these traces to be adjacent. 
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8. All power supplies should be capacitively bypassed to 11. Interfacing the LD120/LD121A to Microprocessors: A 
ground for maximum count stability. description of interfacing the LD120/LD121A to the 
8080 uP is given in AN77-3. Some of the timing details 


9. CinT and CstRG should be selected for low leakage. warrant description here. 


Silvered mica is recommended for CjNT and mylar for 
Cstrpo- Polypropylene capacitors also work well for 
both CsTRG and CinT-: 


The end-of-conversion is determined by gating M/Z 
> U/D + COMP. At this time, all BCD latches are up- 
dated with the contents of the latest conversion. 


10. For a given leakage into Coy Rg of IstRG: We recommend using the positive edge of M/Z to 
At | interrupt the processor. Next, test for a high Ds digit 

AVst RG = ane strobe (MSD). Once Ds is high load the BCD data from 
STRG Bo-—B3 lines and the polarity information from the 

5 1 SIGN/OR/UR line. Next delay 128 LD121A clock 
where At = a measure interval Rg Emer times (this assures that the Dg data is valid) then load 
SAMPLE Bo—B3 lines containing the Dg data. Next delay 
AVstpgG will inject a Al integrator of AVgtRG/R3 another 128 LD121A clock times (this assures that 
the D3 data is valid) then load Bp—B3 lines containing 

Now a Al integrator would have been equivalent to a the D3 data. Repeat this process for Do and finally the 
AV \n/Ro D, (LSD) data load. In flowchart form (see Figure 6). 


So the equivalent input drift is 


ISTRG 


INTERRUPT ON 


the % factor is provided by integrator action. Fe ae 


OR 
TEST FOR M/Z POSITIVE 


Example: We wish to see 1 count (0.1 mV of AVj,y on 
the 2 V range) of drift for the circuit of Figure 7 with 
IstRG = 100 pA @ 70°C. What Cot Rg is needed? 


Answer: 
TEST FOR 


Repel ISTRG 7 Ds POSITIVE 


C Sette 2 
STRG " R3 3 Foampce ’ AVIN 


100K Q 1 102°3F 
62K 2 ~*3*~%3Hzx 104 V 
= 0.18 uF Minimum 
READ DATA (Bp—B3) 
AND 


STORE INTO MEMORY 


Typical Leakage Over Temperature 


DELAY TO NEXT 
DIGIT STROBE 
128 LD121A 
CLK PERIODS 


LEAKAGE CURRENT (pA) 


RETURN 


TEMPERATURE (°C) Figure 6 
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CIRCUIT BENEFITS 
® Overrange Blinking 
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Leakages and Comparator 
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NATIONAL 


Rt =13 KQ; 
USE 4.7 K TRIMMER 
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TO ADJUST tcLk = 
163,840 Hz 
*ZERO ADJUST AC COUPLES SMALL 
AMOUNTS OF POSITIVE OR NEGATIVE 
CHARGE ONTO THE STORAGE CAPACITOR 
FROM THE M/Z SIGNAL 


INVERTERS 
CcD4049 


100 K 


+5VOQO ZERO* 
10K 922 | ADJUST 
100K 22 a 


0.003 uF 
AS MARKED Cz 1200 pF MICA 
100K $2 21% C2 1.0 uF POLYCARBONATE 
62K 22 
47K 2 
4.7K Q 
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SILICONIX FET DESIGN CATALOG. 
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METAL FILM UNLESS NOTED 
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INTRODUCTION 


The Siliconix LD120 and LD121A Integrated Circuits permit 
the building of low cost and physically small 4-1/2 digit 
panel meters, voltmeters, and other A/D conversion systems 
where resolution and accuracy are of prime importance. 
The set can provide basic ranges of +2 V and +200 mV 
full-scale and, with an external amplifier and analog switch, 
can read +20 mV full-scale. The quantized feedback algo- 
rithm of A/D conversion provides inherent auto-polarity 
and auto-zero operation, and the PMOS/Bipolar tech- 
nology of the LD120 analog chip provides >1072 input 
impedance and buffered reference input: The set is flex- 


Ts CsTRG 


Ds 


Siliconix 
Function/Application of the 
LD120/LD121A 4’ Digit A/D 
Converter Set in Measurement 
Systems 


ible with regard to analog signal range, external voltage 
reference level, and output display format. 


This application note will describe the basic operation and 
circuit constants, and will develop some typical applications 
circuits. 


Description of Operation 


There are two main periods in a sample of analog data; 
the auto zero period and the measure period. Descriptions 
of these periods will be referred to Figure 1. 
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Auto-Zero Interval 


In the auto-zero period, the input buffer is connected to 
high-quality ground and the auto-zero buffer is connected 
to the integrator output. Ignoring up/down and transient 
waveforms for the moment, the DC currents presented to 
the integrator are: 


VOFFSET, INPUT BUFFER a 


IINT = IBIAS; INT = R3 


VOFFSET, AZ BUFFER : 
R3 


VOFFSET, REFERENCE BUFFER : 
R] 


VAZ-OFFSET-. -VHI-Q-- 
R3 R2 


VAZ, OFFSET is the fraction of the auto-zero voltage 
across Ca4z which will null all the other quantities men- 
tioned above. Also being injected into the integrator input 
is VRERF/2R] since the up/down line is being toggled at 
50% duty cycle by the LD121A. When the dynamics of the 
system settle out toward the end of the zero period, Ca7 
will have the voltage 


R 


| 3 
VAZ = VAZ, OFFSET ~ =— 


V ; 
OR] REF 


—-VREF R3/2Ry provides a reference quantity of exactly 
negative one-half the integrator input current injected by 
the reference current through R]. 


The auto-zero period is 16,384 clock times long. 
Measure Interval 


During the measure interval, the input buffer is connected 
to VIN and the auto-zero capacitor is disconnected from 
the integrator output. The quantity VAZ, OFFSET !e- 
mains on Ca7, and analog offsets are nulled out. Due to 
the quantity —VREF R3/2R 1 being held on Caz, an 
effective VRRERF/2 or -VREF/2 is applied through Ry when 
U/D is 0 and 1, respectively. 


Referring to Figure 2, the U/D waveforms are of 2 kinds: 
1 clock time up and 15 down; and 15 clock times up and 1 
down. The LD121A logic generates these waveforms in re- 
sponse to the LD120 comparator output. The system 
attempts to return the integrator output to V4Z regardless 
of the input. Since the integrator sees both input and 
reference currents simultaneously, its output does not 
vary far from VAzZ. 


The BCD counter counts up once per clock time when 
U/D=1 and down once per clock time when U/D=0, causing 
the displayed count to be proportional to the amount of 
VREF/2R 1 that was required to null V[N/R2 during the 
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measure interval. The charge balancing in the measure in- 
terval calculates so: 


Q= VIN 7 VHEQ ii VHI-Q At = Count VREF 
R2 fOSC. 2ZR4 


where At = 32,768/fosc and is the measure period. 
Rearranging, 


MUNRO SL G5 5a 


VREF R2 


Count = 


The measure interval cannot resolve single counts; it can 
only resolve multiples of 14 counts. Immediately after the 
measure and into the auto-zero period is the override 
period. The input buffer is reconnected to VH].Q and the 
CAZ, switch is left open. The LD121A sends the integrator 
positive with respect to Vaz (see Figure 3), then returns it 
to VAZ potential, stopping when the LD120 comparator 
changes states, keeping track of the count in single clock 
times. The override period can exist a maximum of 56 
clock times into the zero period, assuming a non-overload 
VIN. 


Since only 14 of the 16 counts in the U/D waveform 
produce net counts, there are +28,672 counts maximum 
out of the 32,768 clock times available. 


Component Selection 


R 1 and R92: The nominal currents into the integrator are 
20 uA full-scale through R2 and 80 wA through R}. These 
values are chosen for minimum system noise consistent 
with maximum amplifier linearities. Then 


ut VIN (F.S.) 
20 pA 


_ VREF | 

80 vA 
VREF should be in the range of 2 V to 8 V, for reasons of 
system gain stability and noise characteristics. Some trim- 


ming of either R2 or Ry is required for exact full-scale 
reading. 


R2 is determined by the equation previously given 


R? = 65,536 Ry 


VIN (FULL-SCALE) ~ wed 
VREF Count (FULL-SCALE) 


The oscillator frequency is determined from fosc = 
49,152 x Sample Rate. 


Values of R3 and C[NT are derived from the consideration 
that the integrator output should be at least 3 V from either 
supply rail. The negative rail is the one of interest, since 
VAZ is negative. A starting point is to set the integrator 
AC swing at about 6 V p-p. Then 


C SY RER Ome om 
is R] 6.V, fOSe 
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DUTY CYCLE 
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COMPARATOR SAMPLE 
POINTS FOR NEXT 
DUTY CYCLE SELECTION 


COMPARATOR 
OUTPUT 


INTEGRATOR VSTRG 
OUTPUT 


COUNTER CONTENTS = 0 COUNTER CONTENTS =0 


COUNTER CONTENTS = —-14 


STATE M/Z 


M/Z SWITCH OPENS 
ry? SWITCH CLOSES 


SLOPE PROPORTIONAL ___ OVERRIDE 


—| 


TO Vin INTERVAL 
INTEGRATOR 


OUTPUT 


END OF 
bs CONVERSION 
—14 NET COUNTS ADDED 


—14 NET COUNTS ADDED TO COUNTER TOTAL 


TO COUNTER TOTAL 
COMPARATOR nf Te ga6 ad] vi Her eyeliner] add [Wage [| 


Up/Down and Integrator Waveforms 
Figure 2 
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CLOCK OUTPUT 
(150 KHz) 


LD120/121A Power Supply and Clock 
Figure 3 


The factor of 30 results from the fact that 2 cycles, 1 
up and | down, each having an effective 15 clock times 
before folding back for 1 clock time, are required to cause 
the 6 V p-p swing. The envelope of integrator waveform can 
be almost completely above VAz or below it; soa VAZ = 
—3 V is appropriate. Neglecting the offset components of 
V AZ; Which are relatively small, we have 


Vv Vv AS pe sangha 
Be VREE 52 t--VALO 


and setting Vaz =~—3 V, 


“oe 6R1 R2 
3 Eo 
R2 VREF +2Rj VHI-Q 


Caz is chosen from the range of 0.1 to | uF, as determined 
by zero drift considerations given in appendix A. 


Rg and R5 are selected in consideration of settling time of 
the system in the auto-zero period. Typical values are 47K 
and 4.7K for CINT = 1200 pF at 3 samples/second. 


As for component quality, R3, R4, and R5 are non-critical. 
R; and R?2 should be metal film or wirewound. CINT 
should be mylar or better quality and Caz must be mylar, 
polycarbonate, or polypropylene, the latter being best with 
regards to dielectric absorption characteristic. 


Finally, the oscillator must be short term stable, even 
though long term drift is not a problem. 


APPLICATIONS CIRCUITS 


Power Supplies 


The plus and minus 12 V supplies can be obtained from a 
standard 5 V supply, as well as the required oscillator signal, 
with the circuit in Figure 3. 
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The 13 V output is pulled to 4.3 V upon connecting 5 V 
input. This allows the 555 to start oscillating, driving Q] 
and Q9. Q? pulls current through L for approximately 50% 
of the time, and releases it to allow the flyback voltage to 
charge C}. The negative edge of Q9’s collector waveform 
charges C3 through its associated rectifier circuitry, and the 
12 V zener absorbs all unused energy available from L in 
shunt regulator style. 


The circuit performs adequately for a supply of 4.5 V to 
5.5 V input, and the 555 being run from the 13 V output, 
is not modulated by the 5 V power line noise. 


Display Formats 


Figures 4 and 5 show common cathode and anode type 
light-emitting diode (LED) display circuits. Both are 
multiplexed to conserve supply current. 


The duty cycle of each strobe is 15%. If an average LED 
current of 5 mA is desired, each digit strobe switch must be 
able to pass 5 mA x 7 segments/0.15 = 233 mA, necessitating 
the use of strong drivers. Also the decoder/driver must be 
able to pass 5/0.15 or 33 mA. The use of high-efficiency 
LED’s, running at an average of 3 mA, would be advisable, 
but not necessary. 


Figure 5 shows a simple circuit for leading zero blanking 
when a decoder/driver has that function built in. There are 
2 flip flops in the circuit. D5 initiates the G3/Gq latch to 
begin a scan in the order D5-D4-D3-D2-D]. G3 enables the 
G1/G? latch until Dx resets G4 and G3, disabling Gj/G2. 
G, and G2 form a ones-catching latch through RBI and 
RBO; RBO = 1 resets the latch, disabling RBI. Thus either 
Dx or RBO can terminate a zero blanking sequence. 
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RESISTOR VALUE 
ADJUSTED TO SET DECODER/ 
LED CURRENT DRIVER 


APPROPRIATE INVERTERS: MC75452 (MOTOROLA) APPROPRIATE DISPLAYS: 


psaueg } (NATIONAL 7 SEGMENT 
*9967 (FAIRCHILD) FND70 FND71 (FAIRCHILD) 


5082 - 7653 |5082-7656 (H.P.) 
I N TRANSISTOR 
ANY NEN DARLINGEON TE is MAN3640 | MAN3640 (MONSANTO) 
APPROPRIATE DECODER/DRIVERS: DS8857 
74C48 
Common Cathode LED Display (+19,999 Counts max. with Blinking) 
Figure 4 


ADJUST TO SET 


LED CURRENT DECODER/ 
DRIVER 
BUFFERS 


APPROPRIATE BUFFER: 5 y APPROPRIATE DECODER/DRIVERS: 7447 


FROM 
LD121A 


FROM 
LD121A 


© D2 
QO D3 
0 D4 
0 Ds 


O SIGN 


DS8873/DS8874 (NATIONAL) 
9374 (FAIRCHILD) 


Phila 2N4403 
STROBE APPROPRIATE LED DISPLAYS: FND507 (FAIRCH 


1/6 X 74C04 5082-7651 (H.P.) 


DIGIT 
ANODE 


Common Anode LED Display (+28,672 Counts max. without Blinking) 
Figure 5a 


74L02 OR 74LS02 


“Dg ALLOWS ONE DIGIT BLANKED 
D3 ALLOWS TWO DIGITS BLANKED 


ETC. 
GROUND FOR ALL DIGITS 


Leading Zero Blanking 
Figure 5b 


Siliconix 


ILD) 


MAN3610 (MONSANTO) 


Figure 6 shows an LCD display circuit. The Siliconix DF412 
accepts BCD data in strobe fashion, latches it, and presents 
decoded 7-segment drive to the LCD display. The overrange, 
sign, and leading “1” are provided by CMOS decoding and 
RC memory circuits through the exclusive-or LCD drivers. 
The effective LCD drive is 12 V p-p with a 6 V supply for 
the DF412 and CD4030. 


Preamplifiers 


A feature of the quantized-feedback conversion is the 
ability to use external preamplifiers within the auto-zero 
loop. This allows a preamp that is quiet but has poor DC 


characteristics to be used down to a stable 1 yV/LSB 
sensitivity. This is necessary for sensitivities greater than 
200 mV full-scale because the PMOS transistors of the 
LD120 do not have good 1/F noise characteristics. 


Figure 7 shows the arrangement for a 20 mV full-scale 
front end. If an extremely low source impedance were 
used, such as thermocouple, then an amplifier such as the 
LM201A could be used for Aj. For higher impedances, 
lower bias currents are required until at about 1K 2 or 
above, a JFET amplifier will be required. Note that MOS 
input op-amps are not quiet enough. 


EXCLUSIVE-ORS ARE CD4030 
NANDS ARE CD4011 


HAC CNEDN EY 
ef LI LL 


AND CD4011 


DECIMAL 
POINT O 
CONTROL 


DECIMAL 1 Y 


ON IF CONTROL = 1 


OUTPUTS 


DF412 


STROBE IN 


© BCDg 

© BCD, 

O BCD2 

O BCD3 

OD; FROM 
0 D2 LD121A 
O D3 

O D4 

O D5 

O SIGN, OR, UR 


DECIMAL 2 


ON IF CONTROL = 0 


LCD Display 
Figure 6 


14 


DG301 A 


R1= 82K | 4, 
R2 = 20K } We 
R3 = 68K 
FOR Aq SELECTION, SEE TEXT 


M/Z FROM 
LD121 


VreF (=6.8V) 


TO LD121A 


=—12V. 12V 


20 mV F.S. Meter (Front End) 
Figure 7 
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O OUTPUT (x100) 


Ultra-Low-Leakage Preamp 
Figure 8 


Even the BI-FET op-amps are only good for a 20K Q2 input 
resistance up to 75°C. The circuit of Figure 8 has an input 
leakage of only 2 pA typical at 75°C and would be usable 
with 1M Q input resistance. Although not covered here, 
there are ways to reduce leakage effects over temperature 
by a factor approaching 10. 


Auto-Ranging Voltmeter 


The usual auto-ranging voltmeter simply has an input 


attenuator whose division ratio is controlled by analog 
switches: 


TO INPUT OF 


VIN LD120 (2V SCALE) 


10.01K 22 


tata LN dul __ _ CLOSE FOR 
RANGE q 2000V RANGE 
| 
| 


= er = LEAVE SWITCHES OPEN 


| FOR 2V RANGE 
CLOSE FOR 
200V RANGE 


The problem with this approach is that only 10 pA of total 
leakage at the divider node causes 1 count of offset on the 
2 V range. 10 pA is not easily met over temperature. 


The circuit of Figure 9 is another approach to the problem. 
The input signal is fed through a 10M {2 input resistor to 
the summing junction of an inverting-gain op-amp whose 
gain is controlled in 2 ranges. The output of the op-amp is 
fed through 2 Rp? resistor paths to the integrator input of 
the LD120; the input buffer amplifier and switch of the 
LD120 are not used. Here is a table of the resistance paths 
used in each scale excluding the trimmers: 


Range Op-Amp Feedback 


DEN 3.9MQ 
20 V 3.9M 22 
200 V 3.9M 92 1139K 2 
2000 V 3.9M 2.1139K Q 


R2 to integrator 


390K 2 1143K 2 
390K 22 
390K 2 1143K Q 
390K Q 


The U426 JFET monolithic pair has extremely low leakage 
and is used as the input measure/zero switch. During the 
zero period Q] is on and Q? is off so that the op-amp sees 
10M {2 + Rps FET 1 to ground as an input. During the 
measure interval, Q] is OFF and Q? is ON so that the 
op-amp sees 10M {2 + Rps FET 2 in series with the input 
voltage. Since the input (and feedback) resistances are 
identical in measure and in zero the auto-zero voltage of the 
LD120 suppresses input offsets over temperature. 


Digital control of the range switches is accomplished by 
decoding the LD121A overrange and underrange outputs 
and driving a 2-bit counter with the resulting “count up” 
and “reset downward” signals. 


Although not tried here, a 200 mV range seems possible, 
but does require 5 scale ranges. 


Calibration is done in this order: 


(1) Offset zero is set with input shorted. 

(2) The LD120 scale factor is adjusted with the auto 
ranger in the 20 V range. 

(3) Trimmer 2 is adjusted for scale factor in the 2 V range. 

(4) Timmer | is adjusted on the 200 V range. 


Microprocessor Interface 


This circuit is used with the Fg series microprocessor, 
but the general approach taken is applicable to many 
processors. 


Figure 10 shows the port wiring and flowchart. The falling 
edge of the M/Z line is used to request an interrupt from 
the processor, whereupon the I/O program waits for a 
decoded end of conversion. This end of conversion signal 
occurs when U/D = 0, M/Z = O, and comp. = 0. The 
program then waits for D5 to occur to synchronize sub- 
sequent data pickup. A delay causes the actual BCD data 
to be read in the middle of the strobe, and all subsequent 
strobes are sampled in the middle of their intervals. After 
5 strobes have been read in, the data is packed and left in 
a location of memory. 


Siliconix 


INPUT © 


39K 2% 


M/Z 


FROM O 2N4403  2N4403 
LD121A 


({) 1503 


1/2 x 74C00 


EFFECTIVE Ro 
TO INTEGRATOR 


—_—_—K«—_=_—=jEwl’™|$5"| 
390K 2% 


1/2 x DG300 
43K 2% 


Auto-Ranging Amplifier; 2—2000 V Ranges 


Figure 9 


INTERRUPT 


EXTERNAL 

INTERRUPT 
INPUT SAVE ALL 
STATUS 


Bo 


SET MEMORY 
POINTER TO 
DATA BUFFER 


COMPARATOR 


PAUSE TO 
CENTER 
OF STROBE 


F-8/LD121A Interface 
Figure 10 


Siliconix 


TO INTEGRATOR INPUT 
(PIN 9 OF LD120) 


RLAD DATA 
AND STORE 
VIA POINTER 


PACK 5 BYTES 
INTO 3 BYTES 


INCREMENT RESTORE 
POINTER STATUS 


ENABLE 
INTERRUPTS 


PAUSE RETURN 
ONE FULL 


DIGIT TIME 


DIGITS READ 
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APPENDIX A: ERROR TERMS 


Zero Drift — The main source of zero drift is leakage from 
the input and auto zero buffers. Figure 11 shows typical 
input and auto zero leakages over temperature. The error 
component due to I[N is simply 


AVIN = AIIN * RSOURCE: 


For a 1M Q input resistance, and Al[N = 30 pA at 75°C, 
AVIN = 30 uV, corresponding to a 0.3 bit offset at 2 V 
full-scale, and 3 count offset at 200 mV full-scale. This 
offset can be reduced by reducing RSQURCE or by in- 
serting a compensating RSQURCE between VH]-Q and 
ground. 


The drift due to 14z is independent of scale factor, and is 
caused by the voltage on Caz drifting during the measure 
interval. The magnitude of drift will be 


[AZ * TMEASURE _ 1AZ + 32,768 


AVAZ = 
ft CAZ Caz * fosc 

This will cause an effective input current to the integrator 

of AVAz/2R3, the factor two resulting from the fact that 

the ramp of auto-zero drift is averaged by the algorithm. 

This input current due to drift is analogous to an input 

signal of AVAZ R2/2R3, so the count drift is 


AIAZ Rj 


Bee ee ene ee aes OAT Seal) 
Caz fosc VREF 2R3 


ACount = 


SIGNAL : 
SOURCE _ 


LEAKAGE CURRENT (pA) 


TEMPERATURE (°C) 


Typical Leakage Over Temperature 
Figure 11 
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APPENDIX B 


So given Alqz = 100 pA when up at 70°C, R} = 60K = R3, 
Caz = 0.1 uF, fosc = 150KHz, and VREF = 6.2 V, 
ACount = 1.16 due to AIA7 only. 


The drift caused by thermocouple junctions on the LD120 
is much less than that caused by leakages. 


Gain Drift — Full-scale gain drift is caused mainly by 
changes in. VREF. One count in 20,000 stability per 
degree C is 50 ppm/°C, so the zener reference should have 
at least 10 ppm/°C stability and the system burned-in 
to reduce long term drift. 


The resistors at R2 and Ry should track each other over 
temperature at least as well as the tempco of the reference. 


Grounding — The optimum grounding scheme is shown 
in Figure 12. 


The main considerations are: analog ground is common to 
VREF; CAZ, +12 V commons, +12 V bypass, ground of the 
signal source, common power ground, case ground; isolation 
of currents in the 5 V circuits from those of analog 
grounds; a 3-wire input connection for remote signal 
sources. 


These connection methods will alleviate AC and DC pickup 
in signal inputs and integrator positive input (analog 
ground) from noise currents caused by the display and AC 
environment. 


ANALOG SUPPLIES DISPLAY SUPPLY 


pre 
-12V COMMON GND 5V 
O O O 


5V 


+ 


DISPLAY 
LD121A AND 


VHI-O DRIVERS 


ANALOG 
VREF 


Vaz GND 


LD120/LD121A Grounding System 
Figure 12 
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APPENDIX C: TROUBLESHOOTING 


Problem 


Jittery Display 


Offset Drift 


Poor Linearity 


No digit strobes from LD121A 


Causes 


fOSC is not stable (short-term) 
AC voltage on VIN, VHI-Q, power supplies, or VREF 


AC fields passing through unshielded circuit board 

R], RQ, or R3 being carbon composition type 

Excessively small full-scale sensitivity implemented 

VAZ or VREF too small 

Excessive input resistance or CAZ too small (see appendix A) 
Circuit board leakages excessive due to flux or moisture absorption 
A variable offset in grounding system 

Poor quality capacitors for CINT or CAZ 

Sample rate too slow (<1 sec) 

Thermocouple junctions in the 200 mV range 

Poor quality CINT 

V+ or V— less than 10 V 

Circuit board leakages to CINT 

Noise pickup on U/D or loading of U/D 

VREF modulated by display ground currents 

Clock not functioning 


Some terminal of the LD121A more positive than Vss 
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Design Aid of the 
LD120/LD121A 412 Digit DVM 


INTRODUCTION 


The 4 1/2 Digit AC powered DVM schematic, P.C. board The demonstrator DVM features, 

layout and parts list are intended to aid and speed the 

evaluation of the Siliconix LD120/LD121A precision A/D +1 count linearity 

converter. As all converters of this resolution are sensitive 0.75 count LSD count stability (2 V scale) 
to trace layout, this pattern demonstrates proper grounding 1M 82 source impedance seen by converter input 
and signal protection. A switchable 100:1 input signal Auto Polarity 

divider is provided to enable the demonstrator to become Auto Zero cycle 

a useful laboratory DVM after the evaluation of the system 200 mV F.S. range with: 

has been completed. @ less than 2 counts instability 

@ +1 count linearity 

@® 10 uV resolution 


fel 


Rg 
othe u 1K 


ee 
ee 


The metal pattern and component placement diagram are 
both printed to a 1:1 scale. The component placement art 
is intended to be silk-screened on the top side of the board 
to provide easy component installation. It can, however, 
be used simply as a loading diagram. 


36 22 +5% (3) 36 2 +5%, 0.25 WATT 
0.25 WATT 


J211 


SILICONIX 


FAIRCHILD 


SILICONIX 


1 
10 12 

AS MARKED C1 1200 pF MICA CR160 OR 

100K 2 +1% C2 1uF POLYCARBONATE cR130 


62K 2 C5 1yuF TANTALUM 
47K Q C6,C7 0.1 uF CERAMIC 
4.7K Q Cyz1 330 uF 


2N4274 
Rig,R17 332, 1/2WATT C49 1000 uF 


NATIONAL ONLY *PRECISION RESISTORS +1% 


ALL RESISTORS +5% 0.125 WATT METAL FILM UNLESS NOTED 
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CONSTRUCTION HINTS 


14, 


A solid line between two holes represents a jumper wire. 
A copper dot is placed by pin one of the IC’s. 


The dotted area denotes the power supply. If bench 
power supplies are available, connect to the pads marked 
+15 and —15. The positive source must supply 300 mA. 
The negative source must supply 30 mA. 


The tab of the CR160 aligns to + mark. 
The LD120 should be socket mounted. 


The 2N4274 voltage reference must be selected for a 
reference voltage equal to or greater than 6.6 V. A 
6.6 V to 6.8 V zener reference may be substituted. 


The CR160 current source may be replaced with a 
36K Q2 resistor. Some degradation in stability and gain 
tempco may result. 


The display board may be directly soldered to the circuit 
board, eliminating the edge connector. 


C3 is a mica dielectric. 

Cj may be mica or polycarbonate dielectric. 

C5, and C¢ may be mylar or polycarbonate dielectric. 
CjQ is tantalum dielectric. 

C11 and Cj? are electrolytic dielectric. 

C4, Cs, C7, Cg and Cg are ceramic disc capacitors. 


. All resistors are +5% metal film unless otherwise noted. 
. Regulators VRj and VR? operate too hot to touch 


~ (85°C or 185°F) 


. Total power dissipation is 6 watts. 
. Break off steel 


screw tab from transformer nearest 
analog input. Connect other tab to earth ground wire 
from the power cord. 

CLEAN BOARD THOROUGHLY after assembly. Any 
salts, finger oil, or solder flux remaining in analog 
circuitry may allow leakage currents detrimental to 
high quality performance. 


. LED displays are intensity coded. To avoid an unattrac- 


tive display, check these codes for uniformity. 


POWER 


TRANSFORMER CHASSIS 


PRIMARY SECONDARY GROUNDED 
THREE PRONG 0.1 uF CIRCUIT 
PLUG 500V GROUND 


CHASSIS 


TRANSFORMER 
CASING 


Siliconix 


LAYOUT PRECAUTIONS 


The following layout precautions have been taken and 
should be observed on the user’s P.C. board: 


iM Vn“) trace is adjacent to ground only. 


2. Traces from LD120 pins 9, 13, 15 are not adjacent to 
signal traces carrying AC signals. 


3. U/D and comp. signals (LD120 pins 4 and 5) are 
separated by digital ground. 


4. Digital circuitry ground paths return to the transformer 
(or power supply) via a different path than analog 
grounds from LD120. 


5. The path from vi) input to Hi-Quality ground (pin 2) 
does not carry any other currents. 


6. The ground path from the reference and CspRG (C2) 
travel directly to Analog Ground (pin 7 of LD120). 


7. Int Input (LD120, pin 9) node connections are kept 
short and compact. This node has a relatively high 
impedance and is therefore subject to AC line noise 
pick up. 

8. The +5 V supply to the LD121A should not share a 
current path with the display currents. } 


AC SHIELDING 


Improper AC shielding will result in excessive LSD run 
around. Therefore, the following precautions should be 
taken: 


1. Use coaxial wire for the input and range select leads to 
the chassis front panel. 


2. Enclose DVM in a metal enclosure. 


3. Keep decimal point select wires separated from the 
input leads. 


4. Keep AC line cord enclosed in box to a minimum 
and close to the chassis. 


5. Shield the power switch leads with earth ground. 


The diagram below illustrates good packaging practice: 


ENCLOSURE 


INPUT 


CIRCUIT RANGE SELECT 


GROUND 


DISPLAY 


DECIMAL PT. SELECT 


INPUT 


POWER 


RANGE 
SELECT 
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CAUTION: 
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LED5 LED 4 LED2 


PRECISION DEMONSTRATOR 


= AS e - = QQ. TN aig Qo BW > 


1C3 
DS8857 


LD121ACJ 


| | 
RS} | 


Vin(+) B 


Vin(-) 


Metal Pattern for DVM Board Component Placement Diagram 
(Bottom View) (Top View) 


(refer to last page of design aid for 1:1 P.C. pattern) 


FABRICATION HINTS 


All holes require a #60 drill except for the following holes 
which require a #54 drill: 


The AC line voltages associated with this 


board can be fatal. Proper precautions for operating this 


instrument 


assumes no liability for unsafe operation. 


must be observed by the user! Siliconix a. Transformer 
b. AC inputs 

c. Edge connector 

d. VIN (+ and —) 

e. Range control pins 
f 


. Decimal point select 


Siliconix 


PARTS LIST 


Part , 


TX 1 
CRi-4 


] 
l 
r 
1 
4 
1 
] 
] 
1 
] 
] 
1 
1 
1 
] 
] 
] 
1 
] 
1 
1 
l 
3 
] 
] 


maa DO BR WRK NR BB HB NN KS HS 


Analog Processor IC 

Digital Processor IC 

Display Decoder/Driver 

Seven Buffer/Driver 

Seven Segment 0.43” LED Display 
+] Overflow 0.43” LED Display 
+5 V Voltage Regulator 

+12 V Voltage Regulator 

—12 V Voltage Regulator 

NPN Transistor 

PNP Transistor 

N-Channel JFET 

1.3 or 1.6 mA Current Source 
360 wH Inductor +5% 

DPDT Miniature Toggle Switch 
SPST Miniature Toggle Switch 
1200 pF Mica Capacitor 


1 uF Polycarbonate Stocked Foil Cap. 


400 pF Mica Capacitor 

.0047 wF Mylar Capacitor 

047 uF Mylar Capacitor 

022 uF Mylar Capacitor 

0.1 uF Ceramic Disc Capacitor 

1.2 uF Tantalum Cap — 10 V 

330 uF Electrolytic Cap — 25 V 
Radial Lead 

1000 uF Electrolytic Cap — 25 V 
Radial Lead 

SK Q Multiturn Trimpot 

100K 82 Multiturn Trimpot 

500 $2 Multiturn Trimpot 
Bannana Jacks 

100K 82 +1%, 1/8 Watt Resistor 
62K (2 £5%, 1/8 Watt Resistor 
47K Ql £5%, 1/8 Watt Resistor 
4.7K Q £5%, 1/8 Watt Resistor 
1K {2 5%, 1/8 Watt Resistor 
1.6K Q. 5%, 1/8 Watt Resistor 
10K 22 5%, 1/8 Watt Resistor 
36Q +5%, 1/4 Watt Carbon Comp. 
33 2 +5%, 1/2 Watt Carbon Comp. 
1M Q +1%, 1/8 Watt Wire Wound 
9760 82 1%, 1/8 Watt Wire Wound 


24 V C.T. Transformer 
Rectifier Diodes 
3-Wire Power Cord w/Plug 


Siliconix 


Recommended Manufacturer 
and Part Number 
Siliconix LD120CJ 
Siliconix LD121ACJ 
National DS8857J 
Fairchild 9667PC 
Hewlett-Packard 5082-7653 
Hewlett-Packard 5082-7656 
Fairchild uA7805UC 
Fairchild uwA78L12AWC 
Fairchild uA79M12HC 
National (Only) 2N4274 
Motorola 2N4402 
Siliconix J211 
Siliconix CR130 or CR160 


C&'K 720! 
C&K7101 


Siemens B32 541-1.00/5/100 


Sprague 192P4729R8 
Sprague 192P504739R8 
Sprague 192P2239R8 


Sprague 198D125X90225H1 
Mallory VTT330J25 


Mallory VTT1000M25 


Spectro] 43P502 
Spectro] 64Y104 
Spectro] 64Y501 


Allen Bradley 
Allen Bradley 
Allen Bradley 
Allen Bradley 
Allen Bradley 
Allen Bradley 
Allen Bradley 
Allen Bradley 


TRIAD F-359XP 
Motorola IN4002 
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Component Placement Diagram 
Scale 1:1 
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LEDS LED 4 LED 3 LED 2 


PRECISION DEMONSTRATOR 


Sees 


Cy 
IC3 
DS8857 
1c2 
LD121ACJ 
START 
t ) 
1C1 
LD120CJ 
CR1~CR4~ 
Vin(+) 
IN 1X1 
TRIAD 
Vile) F-359KP 
B’ 


LD120/LD121A 4 1/2 Digit DVM 


Siliconix 7-65 


Hy PAPO” od 


S4BLIBAUOD G/VW ~ 


LD122 LDI21A 


4% Digit A/D ss 
Converter Set Siliconix 
designed fore. BENEFITS 


@ 0.005% +1 Count Accuracy, Ensures High 


ea High Accuracy and High System Performance 


Resolution Digital Voltmeters, @ 1V Resolution for 20 mV Full Scale 
@ 28,500 Count Maximum for 142% Over- 
Panel Meters ease 


ee ® Sample Rate from One to Five/Second 
te Digital Scales, Thermometers @® Auto-Zero Cycle Nulls Out Internal and 
® External Amplifier Offsets 
fe Microprocessor Data @ Auto-Polarity Operation with One Reference 
e e @ 
Acquisition Systems @ Multiplexed BCD Output for Easy Interface 
to Displays 
i Scientific instrumentation @ Two Overrange Outputs, Underrange Output, 


|) ee Hine Blink Inhibit, and Convert-On-Command 
lace LD121 with LD121A Capabilities Allow Easy Interface to External 
Rept Circuitry and Microprocessors 


DESCRIPTION for New Designs 


The LD122/LD121A 4% digit A/D system uses Siliconix’s ‘‘Quantized Feedback’’ conversion technique. Intrinsic features 
of this system are Auto-Polarity, Auto-Zero and ratiometric operation. No critical components are required except for a 
stable voltage reference and a low noise op amp. The technique offers superior linearity, normal mode rejection, and stabil- 
ity due to the simultaneous integration of the unknown input and the reference voltages. Unlike other conversion tech- 
niques, the integrator output voltage never represents more than 100 counts, thus critical, high resolution performance is 
not required of either the integrator or comparator. 


The LD122/LD121A combination extends system resolution beyond the 10 UV maximum available from the LD120/121A 
system. By adding a user selected low noise input gain amplifier, and appropriate input filter, any input resolution can be 
achieved. Otherwise functional operation is identical to the LD120/LD121A. Complete LD122/LD121A functional infor- 
mation may be obtained by consulting the LD120/LD121A data sheet. Also see AN80-8 and AN77-1 application notes. 


The LD122 analog processor is fabricated with a unique combined PMOS/Bipolar process. It contains all the necessary 
amplifiers, MOSFET switches, and switch driver circuits for the system. The reference voltage input is fully buffered on 
the LD122 to eliminate the reference switch resistance as a source of error. All the amplifiers are internally compensated. 
The LD122 directly interfaces the LD121A digital processor with no additional active components required. 


The LD121A synchronous processor contains all the digital circuitry for the quantized feedback system. Device outputs 
supply two overrange signals, underrange, sign and 4% digits of multiplexed BCD data. (All outputs are TTL compatible.) 
Overrange is also indicated by blinking digit strobes above 20,000 counts. An input is provided to inhibit this feature at 

~ user option. Microprocessor controlled operation is simplified by a start conversion input that allows conversion-on- 
command. 


Both devices are supplied in space saving 300 mil dual-in-line packages. The LD122 has 16 pins and the LD121A has 
18 pins. 
FUNCTIONAL BLOCK DIAG RAM; SIGN/ BCD OUTPUTS DIGIT STROBES 


UR? START asker 
ORCONVERT 89 By B2 B3 D1 02 03 D4 Dg 
2) oO OF Or OO Oo Oo OS 


7 9 110 411 412 iz 
Dual-In-Line Package ptt Dual-In-Line Package 
g DATA 
BUFFER 
=a 
repere 


CONTROL 


LD121A 


MODULO 5 
COUNTER/ 
DECODER 


MODULO 16 
[| DUTY CYCLE 


COUNTER 


TOP VIEW fi SawnLe PeRioD TOP VIEW 
ORDER NO. LD122CJ ORDER NO. LD121ACJ 
SEE PACKAGE 8 SEE PACKAGE 19 


ANALOG 
GND 


LD122 ods LD121A 
ANALOG PROCESSOR + SYNCHRONOUS DIGITAL PROCESSOR 


SWITCH STATES ARE FOR A LOGIC “O” AT U/D AND M/Z INPUTS 
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ABSOLUTE MAXIMUM RATINGS 


Vin (Pin 15, 2 LD122) 
V+— V~— (LD122) . Fl hace SRE ae ee 
Veo Vpp (LDI21A) eS HAD MO Aten ACU aran sate 20 V 
Any Pin (LD121A) en to Vss +0.3 
ie RI eb eS GL ee opens tac EM 


= VSS et 
32.V 


Operating Temperature. . 
Storage Temperature . 
Power Dissipation (Package) * 


wOito%7.0nC 
—65 to 125°C 
750 mW 


* Device mounted with all leads welded or soldered to 


PC Board. Derated 6.3 mW/°C above 25°C. 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25 C. Lots are sample tested for AC parameters and high and low temperature limits 


to assure conformance with specifications. 


CHARACTERISTIC 


Noise (Note 1) 


+ 
—s 
— 
a 4 NO 


(Notes 2 
and 3) 


S 
oO 


—10.8 


14 


Comparator Input, Sign/UR/OR/ 
Blink (Note 5), Start, CLK IN 


Sign/OR/UR (Note 5) 


Ww 
jo) 
[e) 


i 
o 


Start Convert, Clock 


Bit Lines, Sign/OR/UR Digit Strobes 


cCOPeEnN-0F 


< 
©) 
BE, 

aS 


< 
Oo 
ba 


rba-O-O 

<—Sin= 
Orie 
2g i= 


as 


< 
e) 


U/D 


Start Convert (Note 6) 


Rep Rate (Strobes) 


INPUT/OUTPUT SCHEMATICS 


Pin 15 Pin 16 
VIN V+ 


TO USER INPUT 
BUFFER AMP 
Pin 1 


LD122 Input LD121A Output Buffers 


(Digits, Bits, Sign, M/Z U/D) 
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TEST CONDITIONS 
UNLESS NOTED OTHERWISE 
V+ =12V;V—=Vpp = -12V, 

Vss=5V, Ta= 25°C 


2 V Scale 
200 mV Scale 


2 V Scale 
200 mV Scale 


f,_ = 50 or 60 Hz 


Ta = 25 to 75°C, Cot RG = THF, Rin < 100K 2 


Range Over Which Functionality is Guaranteed 


Guaranteed Input Threshold Voltages 


Vin =5V 
Vin=OV 

IQOH = —40 uA 
lol = 1.6mA 
Woye) = = VSO 
lor =0.8mA 
loo = —0.5 mA 


lo, =0.8mA 


50% Duty Cycle 


foLK + 640 


V— Pin6 
LD122 Comparator Output 


LD121A Clock Input 
Start Convert 


L0121A Comparator Input 
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ELECTRICAL CHARACTERISTICS (Cont’d) 


CHARACTERISTIC 


On Resistance, Vin or 
Hi-Q Switches 


Leakage Current, Switch 


| 
REALAGE ON or OFF 


ISOURCE 


iL 
D 
1 

2 
22 
Cc 
J 


ISINK 
ISTRG 


_—* 
o 
oO 


VOFFSET 


Switch Resistance (on) ee 8) 
eee 
Re 


ISOURCE Nots8i —50 
ote 
ISINK 


Output Swing 


wpm2a2-r 
TMD 
pee [Rte] tee 
a iked:: 
a 


Vout 


VOFFSET 


IH 
M/Z, U/D Inputs 
Ne 


Typical values are for Design Aid Only, not guaranteed and not subject to production testing. 


Cc 
oO 
M 
P 


NOTES: 


Bit width over which reading is stable 95% of the time. 

System Parameters are not directly tested. 

foLK = 163.84 kHz, VReF =68V. 

All outputs disconnected. 

Pin characteristic only during Dg strobe time. 

Minimum positive going pulse width to initiate a conversion. 

Maximum voltage range for Vinput (pin 1) or hi-quality GND (pin 2). 
VSTRG Must be more positive than —4 volts. 

Reference Source Impedance must be less than 10K 2. 


es eae ee ARS EY aL 2 


TYPICAL CHARACTERISTICS 
Viny and Vii-q GND Switches 
Typical 'DS(on) VS Va and Temp 


Typical Input Leakage vs Temp and Va 


Rps(on) (OHMS) 
'LEAKAGE (pA) 


—5V -4V -3V -2V -1V OV +1V +2V 4+3V +4V +5V 


Va — VOLTAGE PIN 15 (Vj,y) OR PIN 2 (HI-Q GND) 


y T — TEMPERATURE (°C) 
WITH RESPECT TO ANALOG GND PIN 7 
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TEST CONDITIONS 
UNLESS NOTED OTHERWISE 
V+ = 12 V; V— = Vpp = -12 V 

Vss = 5 V, Ta = 25°C 


, 


= 


3 


M/Z, U/D=2.4V 


Va=tiV 


+2) 


Va=-1V 


Va= +2.8V 


i 
> 


v 
> 


Ta =70°C 


3 


is is 5] Pe 


VouT =0V 


x 
Fo) 


VstRG = —4V, Ips = 30uA 
Vi_ (U/D IN), =0.8V,V9 =0V 
Vin (U/D IN) =2.0V,VQg=2V 
Vin (Int. IN) = —100 mV, Vo =O V 
Vin (int. IN) = 100 mV, Vo =O V 


Ri = 10k to +5 V, AZ FILTER IN = 
100 mV 
INTEGRATOR OUT =O V 


Vie 201M 
Vit =O8V 


LD122-CMAM-C LD121A-IPDC VI 


Input Leakage Test Set-up 


+12 V =—12V 


= GND OV OV 
Picoampmeter 


Figure 1 shows the arrangement for a 20 mV full scale, 1 uV Cuitry to reduce stray RF and hum pickup. Having the OP- 
_ resolution DVM. The OP-07 provides the necessary low 07 included in the Auto-zero loop cancels front end ampli- 
noise operation to achieve stable 1 uwV readouts. Proper fier bias-offsets, and more important drift with temperature. 
layout is necessary for the LD122 and OP-0O7 front end cir- Reference drift is reduced by using an LM399 precision 


CIRCUIT BENEFITS 


1 uV Resolution 
Overrange Blinking 
0 > 19.999 mV Input Voltages 


Zero Adjust to Null Offset Introduced by PC Board 
Leakages and Comparator 


36 2 +5%, 0.25 WATT , 


voltage reference with built in heater. 
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HEWLETT-PACKARD DISPLAYS 


*ZERO ADJUST AC COUPLES SMALL 
AMOUNTS OF POSITIVE OR NEGATIVE 
CHARGE ONTO THE STORAGE CAPACITOR 
FROM THE M/Z SIGNAL 


ASMARKED Cy 1200 pF MICA 
100K 241% Cz 1.0 uF POLYCARBONATE 
62K 2 

47K Q 

4.7K 2 

4.7 KQ 

470K 

1 KO 

75.2, 1/2 WATT 

2uF, TANTALUM 

1 uF, TANTALUM 


ALL RESISTORS +5% 0.125 WATT 
METAL FILM UNLESS NOTED 


CRXXX ARE CURRENT REGULATOR 
DIODES, SEE SILICONIX FET DESIGN: 
CATALOG. 

+12V 0 


ae 
3 


DS8857J 
NATIONAL 


9667PC 
FAIRCHILD 


R9 


Ry = 13 KQ; TRIM UNTIL 
foLk a 163,840Hz 


INVERTERS 
cD4049 


100 K2 


+ | LD122 Pin 10 SCALED TO 2V 
VBUFFERED FOR 20 mV 
LM399 FULL SCALE INPUT 


Voltage 
Reference 


S139110AU05 G/VY = 
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Function/Application of the 

LD122/LD121A +4’ Digit 
A/D Converter Set 
in Measurement Systems 


INTRODUCTION 


The Siliconix LD122/LD121A combination extends system 
resolution capability beyond the 10 nV maximum possible 
with the LD120/LD121A to literally the state of the art in 
low noise op-amps. All the while however, retaining the 
features of the LD120/LD121A system such as 4% digit 
precision, Auto-Polarity, Auto-Zero and ratiometric oper- 
ation. Typical low voltage measurement applications of the 
LD122 include thermocouples, resistance bridges, and 
strain gauges. 


As the functional block diagrams show in Figure 1, the two 
A/D converters are identical except for the input gain 
buffer which is user supplied in the LD122. Although it’s 


900 
3 ois fiz 
Zax 


LD121A 


Analog Processor Synchronous Digital Processor 


theoretically possible to manipulate the LD120 resistor 
ratios to accommodate any input voltage range, the 1/F 
noise characteristics of the LD120 unity input PMOS buffer 
make it impossible to obtain better than 10 wV/LSB 
resolution capability. A 10 uV/LSB resolution capability 
corresponds to a 200 mV fullscale range. However by using 
an external op-amp with good noise characteristics as 
diagrammed with the LD122, low voltage resolution 
capability becomes essentially a function of the external 
op-amp’s performance. For instance it’s currently possible 
to obtain op-amps with noise levels on the order of 1 pV, 
enabling our system to have 1 uV/LSB (or 20 mV full scale) 
measurement capability. 


LD122 
Analog Processor 


LD121A 
Synchronous Digital Processor 


Switch States are for a Logic ‘0’ at U/D and M/Z Inputs 
Figure 1 
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REFERENCE 
VOLTAGE VREF 


REFERENCE 
CIRCUITRY 
“9 OQ Vrer!N 
O 
myn H 


VOLTAGE INPUT 
CIRCUITRY 


HI QUALITY ORK ' 


GROUND 
(SIGNAL GROUND) (\ 


AZ FILTER 


@3)Vstag "1" (4) AZIN 
@ () 


Ne 
[a 


R5 


CIRCUITRY 


® 


V, +12 43V 
V- -12 43V 


@) ANALOG GND 


INTEGRATOR 


CinT 


COMPARATOR 


>t 


R4 


@) 


M/Z U/D 


Analog Processor Expansion Diagram 
Figure 2 


Since the LD122/LD121A converter is essentially a 
LD120/LD121A system suitably modified (in Figure 2) and 
numerous dissertations on the quantized feedback tech- 
nique can be found in the Siliconix LSI Data Book, 
discussion of basic converter operation will be foregone in 
favor of specific precautions, guidelines and applications to 
| follow when doing very low voltage measurements. For 
those desiring basic operational information I refer you to 
the LD120/LD121A data sheet and application note 
AN77-1. 


APPLICATIONS INFORMATION 
Features and Applications 
With its long list of high performance features: 
Wide choice of input voltage ranges 
High resolution 4% digit operation 
0.005% + 1 count accuracy 


Highly linear operation with simultaneous unknown- 
reference integration 


Auto Polarity operation with only 1 external reference 
Fully buffered inputs 
- TTL output drive 


Automatic Zeroing cycle 


Siliconix 


Applications Tailor Made for the LD122/LD121A include: 
— Microvolt Digital Volt Meters 

— Thermocouple Temperature Measurement Systems 

-- High Precision strain gauge measurement systems 

— Scientific Instrumentation and others 

LD122-LD120 Similarities 


Probably the best way to think of the LD122 is as if it were 
an LD120 with the Vj input amplified. So anywhere you 
see an expression for the differential LD120 input 
(VIN-VHI-Q) substitute X(VIn-VHI-Q) where X is the gain 
of the user supplied input buffer. Doing so, our A/D output 
count relation becomes: 


X(Vin-Vi-g) BR! 


Output Count = — - 65,536 


VREF 


Now in addition to being able to scale the converter for 
different input ranges by changing the R1/R2 ratio, we can 
also alter the input buffer gain = X. 


Figure 3 shows a typical application of the LD122/LD121A 
chip set. The system is set up to indicate full scale if 2V 
(100 »V/LSB) is applied to R2 by the input gain buffer. 
However the input gain X is 100 so that a 20mV 
(1uV/LSB) signal applied to the input buffer results in a 
fullscale reading. If the input gain were only 10, then a 
200mV (10uV/LSB) signal would be necessary to cause a 
full scale reading. 
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Differential Measurements 


Using the differential input capability of the LD12X A/D 
series, ratiometric type measurements as typically found in 
bridge circuits can easily be accomplished. Consider for 
example the following bridge configuration, Figure 4 , 
typical of strain gauge systems. 


X(V,- V 
where Output Count = YS ARE B) 
VREF 


© TO HI QUALITY 
GND LD122 
Ri] 


Ry4 Rl 
ie )<-_e—_— -——_) + (—) « 65,536 
MRER Ge SIGvee I 401 1 teem 
Figure 4 
Using appropriate input amplifier gain, very minute bridge 


changes can be measured. 


Figure 3 shows the arrangement for a 20 mV full scale, 1 circuitry to reduce stray RF and hum pickup. Having the 
LV resolution DVM. The OP-07 provides the necessary low OP-07 included in the Auto-zero loop cancels front end 
noise operation to achieve stable 1 wV readouts. Proper amplifier bias-offsets, and more important drift with | 
layout is necessary for the LD122 and OP-07 front end temperature. 


CIRCUIT BENEFITS 


1 uV Resolution 
Overrange Blinking 
0 > 19.999 Input Voltages 


Zero Adjust to Null Offset Introduced by PC Board 
Leakages and Comparator 


36 2 5%, 0.25 WATT 
HEWLETT-PACKARD DISPLAYS 


0S8857) 
NATIONAL 


naan 9) 

11 | 

be [7 [ie [15 ] 
+5 V 
°) Ry = 13 KS), TRIM UNTIL 

foLK = 163,840 Hz 
| >o 
orn A : 
INVERTERS 
100 pF 
‘5 & ante cD4049 
) Rr 


*ZERO ADJUST AC COUPLES SMALL of] 100 Ki? of 
AMOUNTS OF POSITIVE OR NEGATIVE 2. CLK 


CHARGE ONTO THE STORAGE CAPACITOR +5VO 
FROM THE M/Z SIGNAL 7 He || 
nine 


ASMARKED C1 1200 pF MICA 

100K 2 +1% C2 1.0 uF POLYCARBONATE 
62K 2 

47K 2 

4.7K Q 

4.7 KQ 

470K 


ALL RESISTORS #5% 0.125 WATT crr6oon] STRS 

METAL FILM UNLESS NOTED cR130 = 

CRXXX ARE CURRENT REGULATOR 

DIODES, SEE SILICONIX FET DESIGN BS Pecies peepee a 
CATALOG. FULL SCALE INPUT 


Figure 3 
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Input Gain Buffers 


Figure 5 shows the arrangement for a 20 mV full-scale front 
end. If an extremely low source impedance were used, such 
as thermocouple, then an amplifier such as the LM201A 
could be used for Aj. For higher impedances, lower bias 
currents are required until at about 1K 22 or above, a JFET 
amplifier will be required. Note that MOS input op-amps 
are not quiet enough. 


PART OF 
LD122 


HI-Q GND 


Even the BI-FET op-amps are only good for a 20K Q input 
resistance up to 75°C. The circuit of Figure 6 has an input 
leakage of only 2 pA typical at 75°C and would be usable 
with 1M Q input resistance. Although not covered here, 
there are ways to reduce leakage effects over temperature 
by a factor approaching 10. 


VREeF (=6.8V) 


TO LD121A 


100K 1% 


3.9K 1% 


20 mV F.S. Meter (Front End) 


PART OF 
LD122 


1 BUFF IN GUARD 


HI-QGND 2 
C) 


Figure 5 


O 
OUTPUT (X 100) 


100K 2% 


Ultra-Low-Leakage Preamp 
Figure 6 
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Input Buffer Selection Considerations 


Ideally we would like the user supplied input buffer to have 
constant gain over the entire input voltage range so that the 
converter’s linearity and accuracy can be preserved. 
Unfortunately real life op-amp characteristics, principally 
common mode voltage, prohibit such an ideal situation and 
must be reckoned with when choosing an op-amp. 


Consider first of all the following unity gain voltage 
follower configuration in Figure 7. 


OVis= OF FSET 


Figure 7 


With an ideal op-amp, inputting OV should give us a OV 
output. With a real amplifier though, there is a small error 
offset VoRRSET present as shown. Assuming that this 
offset is constant over the entire input voltage range, it is 
easily taken care of by the LD122 in the Auto-Zero in- 
terval where such error offsets are easily corrected for. 


Suppose that we now input a 20 mV signal to our unity 
buffer. See Figure 8. 


+ 


a 


CMRR 
K x 20 mV * ERROR * VOFFSET 


Figure 8 


If our circuit is ideal, then K=1 for a unity gain. 
Realistically though, it’s slightly less than 1, so just 
considering our voltage gain (no other errors) we don’t 
quite get a 20 mV output. Such a loss in gain means that we 
don’t quite get the output range that we’d like from our 
A/D when a full scale input voltage is applied. 


This gain loss, if constant, is easily corrected for by slightly 
trimming the LD122 R1/R2 ratio for a full scale reading 
with a full scale voltage input. The one error that we cannot 
compensate for however, is the common mode error, 
CMRR, which is non-linear and varies depending on the 
input-voltage. This being the case, we’d like the maximum 
error attributable to CMRR to be less than 1 count of the 
A/D. If we were using the above buffer with an 
LD122/LD121A to measure down to 1 uV/(count or LSB) 
(20 mV range) then the maximum CMRR error must be 
less than 1 pV. 
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If we now use a buffer with a gain of 100 as diagrammed in 
Figure 9, a full scale input (20 mV) to the buffer will result 
in a 2 volt output signal. Since we would like to resolve to 1 
part in 20,000 (1 uV input, 100 uV output) the output 


1 
CMRR error must be less than a 2V {tes ion 


> 


count operation CMRR better than 86 dB over the input 
voltage range) or 100 uV over the entire voltage range. If 
noise is significant, (thermal, junction, etc.) the sum of 


1 
CMRR error and noise must be less than X output 
20,000 


buffer olay for + 1 count resolution. 


R 100R 


be , CMRR 


~ + Vorrset * NOISE 


Figure 9 


System Layout Guidelines and Precautions 


When operating in the microvolt region extreme care must 
be taken with system layout and component selection, 
particularly in the front end, to minimize stray noise pick 
up. For instance the voltage inputs to the A/D should be 
shielded and put through a low pass filter as illustrated in 
Figure 10. 


Figure 10 


In laying out a printed circuit board, good layout technique 
should be observed with particular emphasis placed on 
possible problems due to grounding, capacitive coupling, 
leakage and thermocouple effects between pins and traces 
as follows. 


in detail in 
Appendix B and as discussed there, minimum system noise 
requires that analog and digital grounds be kept separate 
until terminated at the power supply. 


Grounding considerations are presented 


Siliconix 


Capacitive coupling and leakage problems are particularly 
noticeable with the LD122 analog chip, but can be 
minimized through the use of a 2 sided glass-epoxy board, 
with guard traces driven from low impedance sources. Of 
foremost concern with the LD122 is capacitive .coupling 
between pins 4 (U/D in) and 5 (COMP out) as diagrammed 
in the chip pin out below. As shown, a digital ground trace 
between pins 4 and '5 is recommended to reduce these 
inter-pin effects. The general rule of thumb to follow here 
is to guard [high impedance analog inputs and pulse width 
critical digital waveforms] from [voltage supplies and 
digital signals] by driving [the guard rings and traces] with 
[low impedance sources having potentials close to the 
guarded pins]. 


Following this approach it might also be wise to isolate pin 
10 (VpgFIN) with traces from pin 8 (REFoyt) and pin 
13 (A/Z filter) with a trace from pin 12 (A/Z out) as shown 
in Figure 11. 


1 - BUF IN 
2 - HI-QGND 
3 - M/ZIN 


DIGITAL 
GND 4 - U/DIN 13. - A/Z FILTER 


LD122 
PINOUT 


5 - COMP OUT - A/Z OUT 


6 - V- - INT. OUT 


7 - ANALOG GND 


Figure 11 


Down in the microvolt region ordinarily insignificant 
sources of noise can become major problems unless 
adequately accounted for in the system layout. Probably 
the most insidious of which are thermal effects in the form 
of thermocouple junctions and board temperature gradi- 
ents. Recall that 2 dissimilar metals placed together form a 
thermocouple junction and when heated can supply a small 
output voltage. Even at room temperature the effects are 


Siliconix 


appreciable in the microvolt region and numerous junctions 
are possible on a circuit board where we go from gold 
plated edge connector to tin plated copper trace to solder 
to kovax IC lead to semiconductor interface. Board 
temperature gradients can effect minute resistance and 
thermocouple changes resulting in unequal voltage po- 
tentials and noise over even the most carefully balanced 
signal paths. Therefore, layout in terms of optimum 
package placement, minimum input lead length and 
minimizing temperature gradients should be considered. 
Generally speaking, the input gain buffer as well as any 
input circuitry should be electrically and thermally shielded 
for best results. 


In any measurement application component quality and 
stability is always a question and a few words concerning 
LD122 resistor and capacitor selection are appropriate here. 
Ordinarily R1 and R2 quality are critical to proper circuit 
Operation and they and any accompanying trimming 
components are recommended to be wirewound or metal 
film since carbon and oxide film resistors can generate large 
amounts of thermal noise. 


In addition, since we are talking about gain setting 
resistances, they should track each other over the 
operational temperature range lest a gain error result. 


When a user supplied input buffer of appreciable gain is 
used, the burden of quality becomes shifted to the input 
buffer components since any noise there is appreciably 
magnified, while R2 now faces a large input signal in 
relation to its possible noise contribution. The gain setting 
resistors must therefore be of appropriate quality. In either 
case, resistor quality should be appropriate to its relative 
noise contribution. 


The integrator capacitor Cy_7 should be mylar or better 
quality. The autozero capacitor CopRg should be mylar, 
polystyrene, polycarbonate, or polyproplene, the latter 
being best with regards to dielectric absorption. Resistors 
R3, R4, RS quality is not critical, but should be long term 
stable. Above all, capacitive losses (leakage, dielectric 
absorption, etc.) must be kept to a minimum for proper 
operation as Appendix A explains. 
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APPENDICES 
APPENDIX A: ERROR TERMS 


Zero Drift — The main source of zero drift is leakage from 
the input and auto zero buffers. Figure 12 shows typical 
input and auto zero leakages over temperature. The error 
component due to Iyy is simply 


AVin = Alin * RsourcE 


For a 1M QQ input resistance, and Alyn = 30 pA at 73 
AVN = 30 wV, corresponding to a 0.3 bit offset at 2 V 
full-scale, and 3 count offset at 200 mV full-scale. This 
offset can be reduced by reducing RgogurcER oF by 
inserting a compensating RggurcE between Vyy-¢ and 
ground. 


The drift due to I,7 is independent of scale factor, and is 
caused by the voltage on Caz drifting during the measure 
interval. The magnitude of drift will be 


PAZjage MEASURE LA Ze ous 
me C Cigonict 
AZ AZ “OSC 
This will cause an effective input current to the integrator 
of AV ,7/2R3, the factor two resulting from the fact that 
the ramp of auto-zero drift is averaged by the algorithm. 
This input current due to drift is analogous to an input 


signal of AV az R/2R3, so the count drift is 


Al,z R, : 
‘Giaam Yl S 1X0 


ACount = —————_—————- 
CazfoscYREF 283 


ae 
SIGNAL 
SOURCE _ 


LEAKAGE CURRENT (pA) 


TEMPERATURE (°C) 


Typical Leakage Over Temperature 
Figure 12 


So given Al,7 = 100 pA when up at 70°C, Rj = 60K = R3, 
Caz = 0.1 uF, fosc = 150KHz, and Vppp = 6.2 V, 
ACount = 1.16 due to AI,7 only. 


The drift caused by thermocouple junctions on the LD120 
is much less than that caused by leakages. 


Gain Drift — Full-scale gain drift is caused mainly by 
changes in Vppp. One count in 20,000 stability per degree | 
C is 50 ppm/°C, so the zener reference should have at least 
10 ppm/°C stability and the system burned-in to reduce 
long term drift. 


The resistors at Ry and Ry should track each other over 
temperature at least as well as the tempco of the reference. 


APPENDIX B 


Grounding — The optimum ground scheme is shown in 
Figure 13. 


The main considerations are: analog ground is comnion to 
VREF: Caz, £12 V commons, +12 V bypass, ground of the 
signal source, common power ground, case ground; 
isolation of currents in the 5 V circuits from those of 
analog grounds; a 3-wire input connection for remote signal 
sources. 


These connection methods will alleviate AC and DC pickup 
in signal inputs and integrator positive input (analog 
ground) from noise currents caused by the display and AC 
environment. 


ANALOG SUPPLIES DISPLAY SUPPLY 


—— 
-12V COMMON GND 5V 
O O O O 


DISPLAY 
AND 
DRIVERS 
ANALOG 
Vaz GND 


LD120/LD121A Ground System 
Figure 13 
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APPENDIX C: TROUBLESHOOTING 


Problem 


Jittery Display 


Offset Drift 


Poor Linearity 


No digit strobes from LD121A 


{OSC is not stable (short-term) 

AC voltage on VIN, VHI-Q, power supplies, or VREF 
AC fields passing through unshielded circuit board 
R}, R2, or R3 being carbon composition type 
Excessively small full-scale sensitivity implemented 
VAZ or VREF too small 


Insufficient power supply bypass capacitor 


Excessive input resistance or CAZ too small (see appendix A) 


Circuit board leakages excessive due to flux or moisture absorption 


A variable offset in grounding system 

Poor quality capacitors for CINT or CAZ 
Sample rate too slow (<I sec) 

Thermocouple junctions in the 200 mV range 
Poor quality C{INT 

V+ or V— less than 10 V 

Circuit board leakages to CINT 

Noise pickup on U/D or loading of U/D 
VREF modulated by display ground currents 
Clock not functioning 


Some terminal of the LD121A more positive than Vss 
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D/A CONVERTERS 
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Stresses listed under “Absolute Maximum Ratings” may be applied (one at a time) to devices without resulting in 
permanent damage. This is a stress rating only and not subject to production testing. Exposure to absolute 
maximum rating conditions for extended periods may effect device reliability. 


D/A Converter Switches 
designed for Je ape BENEFITS 
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e ® Easily Interfaced 
ie 4, 10 or 14 Bit DACs ; O Binary Weighting of ON Resistances 
a Binary or BCD DACs ®@ Minimizes System Power Requirements 
O 40 uW Operating Power 

Ne Multiplying DACs @ Reduces Systems Costs 

a ‘ = © Single Supply Operation 
m Successive Approximation ADC 
™@ Frequency Synthesizers 
# Virtual Ground Switches 


DESCRIPTION 


The DG515 and DG516, 4 and 10 bit SPDT switches, combine NMOS analog switches with CMOS switch drivers. These 
switches feature low channel ON resistance, binary weighting of ON resistance and channel resistance matching to minimize 
the errors that can lead to non-monotonicity in D/A converters. The binary ON resistance weighting (doubling for each bit) 
is continued from the DG515 to the DG516 to allow the pair to be used as a 14 bit DAC. 


PIN CONFIGURATIONS/BONDING DIAGRAMS 
Dual In-Line Package 


SUBSTRATE** | 1 


0.110 
i SRL RE eer cement eee pi Sg 
Gnd s ANALOG fq 
I [] t] ncg] [D> 10 Gnd 
a, So) $3 IO S10 [s]v- s 
Gnd 4 Gndo v- 0G516 : 

[2] 810 sum Jct [22] 
oe “Hi 
[i)es Ba Bg 05 Ed 
2 

[3}e7 a Ce) Fe) fe) Gt 


Dual In-Line Package 


TOP VIEW 


TOP VIEW 


ORDER NUMBERS: * ORDER NUMBERS: ORDER NUMBERS: * ORDER NUMBERS: 
DG515AP DG515ADICE DG516AR DG516ADICE 
DG515BP DG515BDICE DG516BR DG516BDICE 

SEE PACKAGE 11 DG515CDICE SEE PACKAGE 13 DG516CDICE 
DG515CJ DG516CJ 

SEE PACKAGE 7 SEE PACKAGE 14 


* CONTACT FACTORY FOR TESTING AND INSPECTION CRITERIA 
* SHOULD BE LEFT UNCONNECTED OR CAN BE TIED TO vt 


FUNCTIONAL DIAGRAMS 
DG515 


SWITCH STATES ARE FOR LOGIC ‘'1"" INPUT 
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9LS9d SLSOd 


$10410AU0D Y/d pa 


DG515 DG516 


ABSOLUTE MAXIMUM RATINGS 


—200 mV 
—<VIN SV+ 


Vs to Sum Jct or Analog Gnd 
Vin (Bit Logic Input)T. . . . ay: 
SWITCH - 10mA 
Current (Any Terminal Except Switch) oe: 30mA 
Storage Temperature (A & B Suffix) . -65 to 150°C 
(C Suffix) . . -65 to 125°C 
Operating Temperature 
VAS OUTTIX) eee ae 
(Bi Suitix}ie deen ne, 
(CoSuttix)ilea) cae tae 


-55 to 125°C 
-20 to 85°C 
0 to 70°C 


28. Pin Ceramic DIP 2 avurae. os: : 1200 mW 
28 Pin Plastic DIP**"** ‘SoS . 1°) eae ee eeogonnw 
*Device mounted with all leads welded or soldered 
to PC board 
**Derate 11 mW/°C above 70°C 
***Derate 6.3 mW/°C above 25°C 
****Derate 10 mW/C above 25°C 
*****D erate 8.3 mW/C above 25°C 
tNOTE: Exceeding these voltage limits can result in a latch- 
up condition, excessive I+ and possible destruction to 


the device. Placing a 2K {2 resistor in series with V+ will 
protect the device and allow recovery (without power sup- 
ply cycling) after the overvoltage is removed. 


Power Dissipation (Package) * 
14 Pin Ceramic DIP** . 


P 825 mW 
14 Pin Plastic DIP*** . , 


470 mW 


ELECTRICAL CHARACTERISTICS 


All DC parameters are 100% tested at 25°C. Lots are sample tested for AC parameters to assure conformance with specifi- 
cations. DICE are sorted by DC parameter tests and visual inspections. 


0G515 se ee LIMITS 


DG515 DG515A/B 


55°C rea Cc 
Typ! To 
P28. -~20°C a °C 
15.6 


0G516 MAX LIMITS 


DG516A/B DG516C 
125°C 
To 


Test Conditions 


Characteristic V+=8.0V, V-=0V 


= 


Ce ee ECE 
Ponies awn [eves fasi| neon fi | 
Frosiony sweens | [80 [0 [300 [siz | 
Frosieny Swen | __p soo [soo | 20 [ars [ors 
ESE A aS DEN RT OC FTC 
Hiebstons 7 seucn2 Peet | dP p00 
BeGgign) = Switch seth) Pe pe where ee TT Th re fetoar sone 
H 


enone SEE SSG FE A WN FY 


iensienin Set S on Of elit fue Pesen[ ot Yip FOO0 | s000, | 2300 
eee 2000 | 5760 


Switch to ANLG GND ee the fe a 
40 2000 2000 | na | VANALOG Gnd = OV, 
Vs =—100 mV 
'Dloff) IANALOG Gnd (off) v Guasov 
2 00 ANALOG Gnd =0V, 


Hton — Turn-ONTime | ON Time ee =a See Switching Time Test 


Output Capacitance 20 
ANLG GND 
Output Capacitance 
SUM JCT 
Output Capacitance 20 
SUM JCT 
Positive Supply 
Current 
N | 
ti én 1 Tf oe os fel Yond [om se 
Current 


Positive Supply 
5: 0 
Negative Supply 
NOTES: 


t Typical values are for Design Aid only, not guaranteed and not subject to production testing. 
* Delta 'DS(on) a8 Percent of maximum resistance. 
** This is the worst typical mismatch seen on a device. 


7 KE 
sve 


Ra id 
RES 
roi eet | 
et ae 


Of ONE DT OT B&B] of rv 


Is = 0.1 mA 


= 
oO 


VSUMMING Jct = OV, 


ISUMMING Vg = +100 mv 


'D(off) 
Junction (off) VSUMMING Jet = 0 V, 


Vs = +20 mV 


VIN Threshold 


Input Current 


Input Voltage Low Vint =9V 


TNL 


Input Current 


NINH VINH = 8.0 V 


VINL=OV. f=1MHz 


Output Capacitance 
ANLG GND 


VINH = 8.0 V f= 1 MHz 


DG515-ICAS 
DG516-ICAT 
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DG515 DG516 


200 mV 


Vp (SUM JCT) 


Leakage vs Temperature 


RpDs(on) vs Supply Voltage 


(SWHO) 3ONV.SISAY NO 39uNOs Nivua — (4°)Sdy 


WITCH 1DG515 


RpDS(on) vs Temperature 


SWITCH 1 DG516 
SS a 

et 
Ae 


(SWHO) JONVLSISSY NO 30uNOs NiIvuG — (4°)SAy 


TYPICAL CHARACTERISTICS 


T — TEMPERATURE (°C) 


(V+ TO V—) — VOLTS 


T — TEMPERATURE (°C) 


vs TePperartire Typical Channel (DG515 or DG516) 


Quiescent Supply Current 


Supply Current vs Toggling Rate 


SUMMING 


! 


JCT 


ae 


(v7) LNJHYND AlddNS — +1 


T — TEMPERATURE (°C) 


f — FREQUENCY (Hz) 


Switching Time Test Circuit 


Switching Test Waveforms 


Vv 


1 


D/A Converters 


Vout 
(POSITION 2) 
Vout 
(POSITION 1) 


i 
oO 
=> 
ie) 
2 
= 
= 
=) 
n 
O 


DG515 or 
DG516 
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APPLICATIONS 4 Bit Multiplying Current Switch D/A 


The following Application Circuits are intend- 
ed to illustrate the following points: 


1. A 2K Q resistor should be in series with 
V+ to limit supply current with negative 
ringing of the bit inputs. 

. Temperature compensation for RDS(on) 
can be provided in the feedback path of 
the Op-Amp. 

. 4 Quadrant multiplication is possible by 
using the Analog Gnd current. 

. Bipolar reference voltages can be used in 
all configurations. 

. Resistor weighting other than Binary can 


be used. TYPICAL FEEDTHROUGH ERROR 
OF 2 mV.p-p FOR Vper = 10 V p-p 
AND f = 100 MHz 


Figure 1 


10 Bit D/A Converter 


*TYPICALLY 25K 2 
** TEMPERATURE COMPENSATION 


O 
FOR CHANGE IN Rpg(on) 


WITH TEMPERATURE 


BINARY INPUT TYPICAL FEEDTHROUGH ERROR 
OF 10 mV p-p FOR VREF =10V p-p, 


Figure 2 f = 100 kHz AND R = 25K 2 


Unipolar Binary Operation 


DIGITAL INPUT ANALOG OUTPUT 


-10 
i et art eal eee Pe fea oon) os P| Vile re ili—2iin) 


1000000001 —Vrer (1/2+ 2-19) 
1000000000 —Vrer/2 


Clin Lea bah Lia! we —Vper (1/2 - 2719) 
=10 

0000000001 —Vrer (27! 

SO Ce Bs SS 


Figure 3 
NOTE: 


Op-Amp characteristics effect D/A accuracy and settling time. The following Op-Amps, listed in order of increasing speed, are 
suggested: 


1. LM101A 2. LF156A 3. LM118 
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APPLICATIONS (Cont'd) 


10 Bit, 4 Quadrant Multiplying DAC 
(Offset Binary Coding) 


R R R R Riv: R R 
V+ 
OO 
2R 2R 2R 
OC) 2x0 
VREF 
a O O © O) O O O O 
= 21 27 2 3 
pAAAAAA S no 
8 20 19 17 16 15 14 13 10 9 


11 


O O 
B7 B10 


OFFSET BINARY INPUT 


Bipolar (Offset Binary)* Operation Unipolar Binary Operation 


DIGITAL INPUT ANALOG OUTPUT DIGITAL INPUT ANALOG OUTPUT 
lett z 5-14 
Mia ttt kt Vie etitee 22) : Vega toe Ladin at Veer (1-27! 4) 


14 
1000000001 12030505050; 0: OFO7O70R070'm1 —-Vre_er (1/2 +2 ) 
ree OMT hae a Ae Vee eee 


=14 
00000000000001 -V 2 
0000000001 Veen 2a) oO Erwan, 
p abl oS LE 
<a yore 00000000000000 


=2-9 
NOTE: 1 LSB = 2-9 Vace 


*Complementing B, (MSB) will give 2’s complement coding. 


Figure 5 
14 Bit Binary DAC (unipolar) 


R R R R R 
O 


O O @ O 
21 25 
DG516 
© O O O) O 
O 


©) 
13 
O O 
By Bi2 Bi3 


= BINARY INPUT Figure 7 


NOTE: 


A. Op-Amp characteristics effect D/A accuracy and settling time. The following Op-Amps, listed in order of increasing speed, are 
suggested: 


1. LM101A 2. LF156A 3. LM118 
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Die Process Information 


Siliconix is a large-volume supplier of die to the hybrid industry. Both military and industrial grades are available. Screening in- 
cludes 100% DC electrical probe and 100% visual inspection of each die. 
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PHYSICAL DATA 

Physical layout and dimensions are presented in the Die Topography section. Die are supplied to length and width dimensions 
which have an accuracy of +0.003 inches. Thickness will be 0.015 inches (+0.001) for integrated circuit die and 0.008 inches 
(+0.002) for FETs. 

Bonding pad location may be identified from the die topography shown. Contact factory for ordering information. 

Each die or wafer is passivated with approximately 8,000 angstroms of non-crystalline glass. 


FET chips are supplied with gold backing; gold backing is available as an option for integrated circuits. 


Die metallization is deposited aluminum approximately 12,000 angstroms thick. 


DIE SCREENING CRITERIA 


Electrical Probe — All dice are 100% probed in wafer form at 25°C to DC criteria designed to support ‘’A”’ suffix DC parameters. 
An optionai screen to ‘’C”’ suffix limits is available. 


Visual Criteria — All die receives a visual inspection to MIL-STD-883, Method 2010, Condition B criteria. Siliconix QC Depart- 
ment samples each lot to an LTPD of 10%. Alternate visual criteria, including Method 2010, Condition A, or Siliconix Industrial 
criteria are available as options. 


PACKAGING 


Die are supplied in dust-proof, anti-static waffle packs (see illustration). 


ASSEMBLY 


The customer's interests will best be served if static sensitivity handling procedures are used. 


PART NUMBER DESIGNATIONS 


See ordering information. 
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Die Process Information 


Options 
(Price will be quoted upon request.) 


SEM — Scanning electron microscope examination and control in accordance with MIL-STD-883 Method 2018 can be 
ordered on die and wafers. SEM, wafer qualification should be specified as a separate line item on a request for quote, 


Wafer Qualification to Unprobed Parameters 


Wafer Qualification to Unprobed Parameters — Sample testing of purchased die to demonstrate capability to perform at 
data sheet temperature extremes or to switching time test limits by use of LTPD techniques can be provided at additional 
cost. 


Alternate Electrical Probe — A 100% DC electrical probe to support ““C’’ Suffix 25°C electrical specs is available for mono- 
lithic parts only. (““IDICE” ordering information.) 


Visual inspection to customer generated specifications can be provided. 


Alternate Electrical Probe — A 100% DC electrical probe to support “C’’ Suffix 25° electrical specs is available for mono- 
lithic parts only (““DICE” ordering information.) 


Gold Backing — Die may be purchased with gold alloyed to the backside. This is a special order item. Gold thickness would 
be as follows: 


® FETs (NC, NH, NIP) 750A min 
@ IC’s (all) 3500A min 


Hot Probe — Siliconix has chip processing distributors with hot probe capability available. 
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Chip and Wafer Processing 


WAFER 
PROCESSING 
AND 
VISUAL FRACTURE 
INSPECTION i 


100% 100% SAMPLE ASSEMBLED 


ELECTRICAL VISUAL FOR WAFER 


QUALIFICATION 
PROBE INSPECTION (OPTIONAL) 


ac 
ELECTRICAL 
MONITOR 


ac 
(VISUAL) 


GOLDBACK CARRIER 
(OPTIONAL) LOADING 


PACKING AND SHIPPING 


Chip Packaging 


Chips are packaged as individual die in the flat waffle carrier illustrated in Figure 1. The carrier has a cavity size adequate 


to allow ease of loading/unloading and also prevents die from rotating within the cavity. 


CARRIER TOP 


Sale MYLAR SHEET 


LENS st Nae 


ra BOTTOM 


NOTE: CARRIER TOP & BOTTOM SECURED BY CLIPS 


Figure 1 
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Die Ordering Information 


1. Monolithic Chips: 


Example: 


DEVICE FAMILY 
(1, 2 or 3 Letters) 


D — Drivers for FET Switches 
— Analog Switches 

DGM — Analog Switches 

G — Multi-Channel FETs 


Si — Siliconix Second Source Part 


DEVICE NUMBER 
(3 or 4 Digit Numbers) 


SCREENING CRITERIA 
(1 Letter) 


A — Electrically probed @ 25°C to “A” Suffix of respective data sheet; 


visual criteria screening to MIL-STD-883, Method 2010 Condition B. 


— Electrically probed @ 25°C to C”’ Suffix of respective data sheet; 


visual criteria screening to Siliconix Specification 5018. 


| FORM 
| (4 Letters) 


DICE — Chips waffle packed per Figure 4 in Die Process Information 
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Die Ordering Information 


Form 
Screening Criteria 
Device Number 


Device Family 


2. Multichip 


To order die which form multichip devices the driver chip and corresponding JFETs should be ordered using the geometry 
designations as shown in Table 1 below. 


Example: 
For D9190 die, order 
CMJB1000 
and NC1000 


To determine number of JFETs required to go with each driver in a multichip device, see number in parenthesis following 
geometry codes as shown in table below. 


Table 1 


Siliconix Geometry Code 


3. Options 


The following options are considered ‘‘special’’ and a special part number will be assigned: 


DG123 
DG125 
DG126 
DG129 
DG133 
DG134 
DG139 
DG140 
DG141 
DG142 
DG143 
DG144 
DG145 
DG146 
DG151 
DG152 
DG153 
DG154 
DG161 
DG162 
DG163 
DG164 
DG180 
DG181 
DG182 
DG183 
DG184 
DG185 
DG186 
DG187 


1. Die in wafer form 
2. Goldbacking on Integrated Circuit die 
3. Class A visual 


4. Customer visual criteria 


Please identify as ‘‘similar to 


IBAF/MABA 
IBAF/MABA 
LODC1000 
LODC1000 
LODC1000 
LODC1000 
LODF1000 
LODC1000 
LODC1000 
LODF1000 
LODF1000 
LODF1000 
LODF1000 
LODF1000 
LODC1000 
LODC1000 
LODC1000 
LODC1000 
LODF1000 
LODF1000 
LODF1000 
LODF1000 
CMJB1000 
CMJB1000 
CMJB1000 
CMJA1000 
CMJA1000 
CMJA1000 
CMJC1000 
CMJC1000 
CMJC1000 
CMJB1000 
CMJB1000 
CMJB1000 
CMJB1000 
CMJA1000 
CMJC1000 
CMJB1000 


Part No. Driver FET 


See D123 and G115 
See D125 and G115 
NC2000(4) 
NC1000(4) 
NC1000(2) 
NC2000(2) 
NC1000(4) 
NIP1000(4) 
NIP1000(2) 
NC2000(4) 
NC2000(2) 
NC1000(2) 
NIP1000(4) 
NIP1000(2) 
NIP1000(2) 
NC1000(2) 
NIP1000(4) 
NC1000(4) 
NIP1000(2) 
NC1000(2) 
NIP1000(4) 
NC1000(4) 
NIP1000(2) 
NC1000(2) 
NC2000(2) 
NIP1000(4) 
NC1000(4) 
NC2000(4) 
NIP1000(2) 
NC1000(2) 
NC2000(2) 
NIP1000(4) 
NC1000(4) 
NC2000(4) 
NH1000(2) 
NH1000(4) 
NH1000(2) 
NH1000(4) 


with following additional conditions. 


Siliconix 


Technology 


PMOS Switch 
PMOS Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
JFET Switch 
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Die Topography Information 
Monolithic 
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DG200A 


Siliconix 


[PINNO. | FUNCTION] 


INPUT 2 

GROUND 
SOURCE 2 
DRAIN 2 


SOURCE 1 
V+ (SUBSTRATE) 
INPUT 1 


Pin numbers are for dual in line packages. 


[PINNO. [FUNCTION 


V+ (SUBSTRATE) 
INPUT 1 


Pin numbers are for dual in line packages. 


NOTE ROUND PAD (#1) 


PPINNO. [FUNCTION | 
INPUT 1 
DRAIN 1 
SOURCE 1 

Wi 
GND 
SOURCE 4 
DRAIN 4: 
INPUT 4 
INPUT 3 
DRAIN 3 
SOURCE 3 

| VREF 

V+ (SUBSTRATE) 
SOURCE 2 
DRAIN 2 
INPUT 2 


ON oo»hWhHD 


Pin numbers are for dual in line packages 


[PIN NO. [FUNCTION] 
INPUT 1 
DRAIN 1 
SOURCE 1 

1 Ae 
GND 
SOURCE 4 
DRAIN 4 
INPUT 4 
INPUT 3 
DRAIN 3 
SOURCE 3 
V+ (SUBSTRATE) 
SOURCE 2 
DRAIN 2 
INPUT 2 


ON Oo RR WH 


Pin numbers are for dual in-line packages 
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[PIWNO.[ FUNCTION _| 


INPUT 4 
DRAIN 1 
SOURCE 1 


OOnN ON WND — 


SOURCE 3 
VL 
V+ (SUBSTRATE) 
SOURCE 2 
DRAIN 2 
INPUT 2 


[Pin NO. FUNCTION 


DRAIN 1 


DRAIN 3 
SOURCE 3 
SOURCE 4 
DRAIN 4 
DRAIN 2 
SOURCE 2 
INPUT 2 
V+ (SUBSTRATE) 


SOURCE 1 


Pin numbers are for 
dual-in-line packages 


Siliconix 
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Siliconix 
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Siliconix 
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Die Topography Information 
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ie Monolithic 


DG303A 


Siliconix 
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Die Topography Information 


DG306A 


Siliconix 


sia a ell 
TTT 
A 


DG307A 


Siliconix 


[PiNWO. [FUNCTION 
SOURCE 3 
DRAIN 3 
DRAIN 1 
SOURCE 1 
INPUT 1 
GROUND 


We! 
INPUT 2 
SOURCE 2 
DRAIN 2 
DRAIN 4 


V+ (SUBSTRATE) 
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Siliconix 


| PINNO. | FUNCTION 
SOURCE 1 
DRAIN 1 
INPUT 1 
V+ (SUBSTRATE) 


INPUT 2 
DRAIN 2 
SOURCE 2 


Pin numbers are for dual in-line packages 


DG381A 


Siliconix 
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DG384A 
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Siliconix 


DG387A 


Siliconix 


[RINNO. [FUNCTION 
DRAIN 1 
SOURCE 1 
INPUT 1 


V+ (SUBSTRATE) 
VR 
Wife 
SOURCE 2 
DRAIN 2 


Pin numbers are for dual in-line packages 
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DG390A 


Siliconix 


NOTE LARGE PAD (#2) 


Pein No. [FUNCTION _] 


ENABLE 
V+ (SUBSTRATE) 
DRAIN 
V+ (SUBSTRATE) 
SOURCE 8 
SOURCE 7 
SOURCE 6 
SOURCE 5 
SOURCE 4 
SOURCE 3 
SOURCE 2 
SOURCE 1 
Wipe 
ADDRESS 0 
ADDRESS 1 
ADDRESS 2 


+ 


—+ 


ON OoaRWN = 


uolppuliojuy AydpuBodo] aig 


*13a is connected to V— 

T Pins 2 and 4 are interconnected, 
either one may be used 
Pin numbers are for dual in-line packages 


NOTE LARGE PAD (#2) 


[eiwno. | FUNCTION | 


1 ENABLE 

2 V+ (SUBSTRATE) 

3 DRAIN 

4* V+ (SUBSTRATE) 

5 SOURCE 8 

6 SOURCE 7 

7 SOURCE 6 

8 SOURCE 5 

9 SOURCE 4 

10 SOURCE 3 

11 SOURCE 2 

12 SOURCE 1 

13 V— 

14 ADDRESS 0 

15 ADDRESS 1 

16 ADDRESS 2 
*Pins 2 and 4 are interconnected, 


either one may be used 


Pin numbers are for dual in-line packages 
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Me 0.061 | 
(1.55) 


DG503 
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Die Topography Information 


1 DRAIN 1 
1 V+ (SUBSTRATE) 
VL 


1 
FUNCTION 


GND 
Vee 
INPUT 1 
SOURCE 1 


8 

9 
10 
11 
12 
13 
14 
15 
16 


DG5040 


Siliconix 


DRAIN 1 
DRAIN 2 
SOURCE 2 | 
INPUT 

V+ (SUBSTRATE) 


GND 
Ve 


INPUT 1 
SOURCE 1 


| PIN NO. FUNCTION 
1 


DRAIN 1 


DRAIN 2 


SOURCE 2 
V+ (SUBSTRATE) 
L 
GND 
SOURCE 1 


DG5042 


Siliconix 


SOURCE 1 


DG5043 
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Die Topography Information 


[piwno [FUNCTION 


DRAIN 1 

DRAIN 2 

SOURCE 2 
V+ (SUBSTRATE) 


SOURCE 1 


DG5044 


Siliconix 


DRAIN 1 
DRAIN 3 
SOURCE 3 
SOURCE 4 
DRAIN 4 
DRAIN 2 
SOURCE 2 
INPUT 2 
V+ (SUBSTRATE) 


INPUT 1 
SOURCE 1 


Pin numbers are for dual-in-line packages. 


DG5045 
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Siliconix 


| PINNO. | FUNCTION _ | 


V+ (SUBSTRATE) 


SOURCE 16 
SOURCE 15 
SOURCE 14 
SOURCE 13 
SOURCE 12 
SOURCE 11 
SOURCE 10 
SOURCE 9 
GROUND 
VREF 
ADDRESS 3 
ADDRESS 2 
ADDRESS 1 
ADDRESS 0 
ENABLE 
SOURCE 1 
SOURCE 2 
SOURCE 3 
SOURCE 4 
SOURCE 5 
SOURCE 6 
SOURCE 7 
SOURCE 8 


DRAIN 
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Siliconix 


Siliconix 


V+ (SUBSTRATE) 


DRAIN b 
SOURCE 8b 
SOURCE 7b 
SOURCE 6b 
SOURCE 5b 
SOURCE 4b 
SOURCE 3b 
SOURCE 2b 
SOURCE 1b 

GROUND 

VREF 
ADDRESS 2 
ADDRESS 1 
ADDRESS 0 

ENABLE 
SOURCE 1a 
SOURCE 2a 
SOURCE 3a 
SOURCE 4a 
SOURCE 5a 
SOURCE 6a 
SOURCE 7a 
SOURCE 8a 


DRAIN a 


in numbers are for dual in-line packages 
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DG507A 


Siliconix 


Die Topography Information 


ileene 


DG508A 


. Monolithic 


9-33 


Siliconix 


om 
- os e-? 
— a a oe 
6 es s 


DG509A 


L Sm a | = = = a aa 
(ges - : ee 
TENS } | 3 cast if FE 
5 f = ae 


ane — 


x 

Se — on ES 

oT. m 
= ic. oO 0 OG foe tcl cr fee - 

2 ——— — ma Ok Oss g- rte Or = LO 


2 
= 
-E 
oO 
2 
=) 
re 


uolpDUOju, AudpiBbodo] aig 


Siliconix 


9-34 


NOTE ROUND PAD (=1) 


=I 
= 


=== see 


a. a 


Wi 


SOURCE 4 
ANALOG GROUND 2 
SOURCE 3 
SOURCE 2 
ANALOG GROUND 1 
SOURCE 1 
SUM JCT 
V+ (SUBSTRATE) 
B1 
B2 
B3 
B4 
Wie: 


Pin numbers are for dual in-line packages 


DG515 


Siliconix 


SOURCE 6 
SOURCE 7 
SOURCE 8 
SOURCE 9 
SOURCE 10 


V+ (SUBSTRATE) 
SUM JCT 
$1 
ANALOG GROUND 
$2 
$3 
$4 
$5 


Pin numbers are for dual in-line packages 


DG516 
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Siliconix 


([Pinno. [FUNCTION |] 

V— (SUBSTRATE) 
INPUT 1 
INPUT 2 
INPUT 3 
INPUT 4 
INPUT 5 
INPUT 6 

VR 

OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
OUTPUT 1 


— —- —- — «2 
SOW SO OOS ON 


Pin numbers are for dual in-line packages 


PPiNNO, [FUNCTION | 


— (SUBSTRATE) 
INPUT 1 
INPUT 2 
INPUT 3 
INPUT 4 
INPUT 5 
INPUT 6 

Ve 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
OUTPUT 1 


AN OoaRWN — 


Pin numbers are for dual in-line packages 


PPINNO. | FUNCTION _] 


INPUT 1 
INPUT 2 


INPUT 3 
INPUT 4 
INPUT 5 
INPUT 6 
INPUT 7 

VR 
V— (SUBSTRATE) 
OUTPUT 4 
OUTPUT 3 
OUTPUT 2 
OUTPUT 1 
Vi 


ONOORWN 


Pin numbers are for dual in line packages 


PPINNO. [FUNCTION _ 


OUT 1 
OUT 1 
INPUT 1 

V+ 

Ve 

VR 

V— (SUBSTRATE) 

INPUT 2 
OUT 2 
OUT 2 


Pin numbers are for dual in-line packages 


Siliconix 
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Die Topography Information 


See 


addded® 


OS TS eR 


0.062 
(1.57) 


PAD NO. FUNCTION 


Substrate = V — 


| 


*Both ‘‘D” pads are electrically common. Either can be used for drain contact. 


G115 
DUAL IN-LINE 


PACKAGE 
PIN NO. 


G116 
DUAL IN-LINE 


PACKAGE 
PIN NO. 


NOT USED 
8 
14 
NOT USED 
9 
10 
11 
12 
13 


1 


G117 


FLAT PACK 
PIN NO. 


G118 


DUAL IN-LINE 
PACKAGE 
PIN NO. 


NOT USED 
14** 
9 
10 
11 
12 
13 


G124 
DUAL IN-LINE 


PACKAGE 
PIN NO. 


NOT USED 
NOT USED 
8 
14 
NOT USED 
NOT USED 
10 
iW 
12 
13 


TED AO 
SUBSTRATE 


1 


1 


TAny unused gates should be connected to the substrate V+; unused sources can be left open 


**The G117 uses the Sg pad as the drain output (pin 14 on package). 


9-38 


Siliconix 


FUNCTION 


GATE 1 
GATE 2 
GATE 3 
GATE 4 
GATE 5 
GATE 6 
BODY (SUBSTRATE) V+ 

DRAIN 
SOURCE 6 
SOURCE 5 
SOURCE 4 
SOURCE 3 
SOURCE 2 
SOURCE 1 


PULL UP GATE INPUT 


FLAT PACK FLAT PACK 
FUNCTION FUNCTION 
PIN NO. PIN NO. 
TNOT USED 


GATE 1 


BODY (SUBSTRATE V+) BODY (SUBSTRATE V+) 
DRAIN 2 DRAIN 1 
SOURCE 2 10 SOURCE 1 
SOURCE 4 11 SOURCE 2 
SOURCE 6 NOT USED 
SOURCE 5 NOT USED 
SOURCE 3 We SOURCE 3 
SOURCE 1 13 SOURCE 4 
DRAIN 1 14 DRAIN 2 
PULL UP GATE INPUT 1 PULL UP GATE INPUT 


TAny unused gates should be connected to the substrate V+; unused sources can be left open. 


G119 
G122 


P (PULL UP GATE INPUT) 
GATE 1 
GATE 2 
GATE 3 
GATE 4 

BODY (SUBSTRATE) V+ 
DRAIN 2 

SOURCE 4 
SOURCE 3 
SOURCE 2 
SOURCE 1 
DRAIN 1 


Pin numbers are for dual in-line packages. 
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ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


9-40 


Substrate = Vss 
*Leave unused pads floating 


LD110 


Siliconix 
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Die Topography Information 


2 Monolithic 


Siliconix 


Die Topography Information 


Die Topography Information 
Multichip 


Siliconix 


Ds 


Siliconix 


Die Topography Information 


‘Some of Siliconix’s analog switches are of multi-chip 
‘design with inter-chip connections. The DG123, for exam- 
ple, consists of a separate driver chip (IBAF) and a separate 
‘MOS switch chip (MABA). Figure 1 illustrates the bond- 
ing arrangement in the DIP package. Note that the two 
chips are mounted on electrically separate islands. This 
is due to the different substrate potentials, the MABA 
substrate is at the positive supply voltage while the EID 


substrate is at the negative supply voltage. 


The JFET switches, for example, are also of multi-chip 
design. The DG190 consists of a separate driver chip 
(CMJB) and four separate JFET transistors (NC). Figure 2 
illustrates the bonding diagram arrangement in the DIP 
package. The driver and the JFET switches are mounted so 
that the substrates are electrically isolated. The substrate 
of the driver is at the negative supply voltage while the 


substrate of the JFET switches is the gate connection. A. 


bond wire connects the driver to the JFET gate. 


LEAD TRACE 
TO PIN 


The pin connections for the JFET switch chips can be 
determined from the chip section and switch pin-out 
in the data sheet. For example, from the DG190 pin 
configuration we see that the DG190 has 4 JFETs in 
one package; D3 and S3 are the drain and source of the 
third JFET. 


Die Diagrams/Dimensions 


These negative image photos are of the metallization 
pattern. Scale is 32x. Bonding pads are 4 mil (0.10 mm) 
square, glass-free aluminum metallization. Pad identification 
numbers correspond to pin numbers for the dual-in-line 
package on data sheets. The “‘geometry”’ is an alpha code 
used in the factory for identification. 


The following pages contain layout, die dimensions and 
pad identification. 


SEPARATE DIE ATTACH 
> ISLANDS TO ELECTRICALLY 
ISOLATE THE SUBSTRATE 


Figure 1. DG123 Analog Switch (Multi-Chip) 


Siliconix 
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Die Topography Information 
(Continued) 


NC CHIPS 


SEPARATE DIE ATTACH ISLAND FOR 
ISOLATING JFET SUBSTRATES 


Figure 2. DG190 JFET Analog Switch 


NOTE:Die Topography is for reference only 


Siliconix 


CMJA1000 — DRIVER CHIP CHARACTERISTICS 
All parameters are specified under the following conditions: V+ =15 V, V- = —15 V, VR=0OV, VL=5 V, Ta =25°C. 


DC PARAMETERS 


Input Current 
-250 A VIN=0 V 
Input Current 
20 A VIN=5V 
INH Input Voltage High Lael “ IN 
4.5 VIN=0 V 
Ie Logic Supply Current nee) | mA os 
ee ae Koos Vin=0V 
eference Supply Curren m 
Negative Supply Current i aa a mA ND 
ae Vin=5V 


: baa | Vin =0 V 
1+ Positive Supply Current mA 


Vin =0.8 V or 2.0 V 


uoipUOju] AydpsBodo|, aig 


FROM JFET 1, SOURCE 
TO JFET 1, GATE 
TO JFET 3, GATE 
FROM JFET 3, SOURCE 
FROM JFET 4, SOURCE 
TO JFET 4, GATE 
TO JFET 2, GATE 
- FROM JFET 2, SOURCE 


VR 
V— (SUBSTRATE) 
INPUT 1 


XG)" NM OSO=w* 


0,044 
(1.12) 


CMJA1000 is used for following devices: 


DEVICE JFET USED NO. OF JFETs 


diysijow ey 
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CMJB1000 — DRIVER CHIP CHARACTERISTICS 


All parameters are specified under the following conditions: V+ =15 V, V- = —15 V, VR=0 V, VL=5 V, Ta=25°C. 


DC PARAMETERS 


Characteristics 
Input Current 
INL 
Input Voltage Low 
Input Current 
INH Input Voltage High 
Logic Supply Current 
Reference Supply Current 
Negative Supply Current 
Positive Supply Current 


-250 


-2 


Fe Alar 


INTERCHIP PAD CONNECTIONS 
With 2 JFETs: 


NO CONNECTION 
NO CONNECTION 
TO JFET 2, GATE 
FROM JFET 2, SOURCE 
FROM JFET 1, SOURCE 
TO JFET 1, GATE 
NO CONNECTION 
NO CONNECTION 


INPUT 2 
V+ 


zonncoey 


Vi ; 
Vv With 4 JFETs: 


FROM JFET 1, SOURCE 
TO JFET 1, GATE 
TO JFET 3, GATE 

FROM JFET 3, SOURCE 

FROM JFET 4, SOURCE 
TO JFET 4, GATE 
TO JFET 2, GATE 

FROM JFET 2, SOURCE 


R 
V— (SUBSTRATE) 
INPUT 1 


zerncee| 


0.044 


(1.12) 


CMJB1000 is used for following devices: 


DEVICE JFET USED NO. OF JFETs 
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CMJC1000 — DRIVER CHIP CHARACTERISTICS 


All parameters are specified under the following conditions: V+ =15 V, V- = —15 V, VR=0 V, VL=5V, Ta =25°C. 


DC PARAMETERS 


O;]aOI NID); oO}; Ww] bh 


— 
i=) 


Characteristics Test Conditions 
Input Current hy 
Input Current 
| es 
ViIN=0 V 
VIN=5 V 


Ref Supply Current aN 
eference Supply Curren 
st VIN=0 V 
Negative Supply Current 
= VIN=5V 
1+ Positive Supply Current IN oe 
ositive Supply Curren 


Logic Supply Current 


NOT CONNECTED 
FROM JFET 2, SOURCE 
NOT CONNECTED 
NOT CONNECTED 
TO JFET 2, GATE 
NOT CONNECTED 
TO JFET | 1) (GATE 
FROM JFET 1, SOURCE 


PAD NO. FUNCTION 


NOT CONNECTED 
V— (SUBSTRATE) 


TFaNMDVIABAyY 


CMJC1000 is used for following devices: 


DEVICE JFET USED NO. OF JFETs 


Silicon 
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LODC1000 — DRIVER CHIP CHARACTERISTICS 


All parameters are specified under the following conditions: V+ = +12 V, V— = —18 V, VR=0 V, TA =25°C. 


DC PARAMETERS 
Characteristics Test Conditions 


Cain | Max | Unie | 
Se De 
a [ 1+ Vf postive supp Curent 186 |) | 98 [wa 
Sig fesmterance suppl) curentl UL ]| Nant) =f aaa 
e [is Wfopistive supe curene |S) (| a5] WA | 
eK 
ara 


Negative Supply Current eee Both Vin =0 V, All Channels Off 
Reference Supply Current ie Lie ceh Bag | 
NOTES: 


1. Vipy must be a step function with a minimum rise and fall rate of 1 V/uS. 
2. The supply voltage condition of +12 V/-—18 V is standard test condition. Specs will also be met with + 15 V/ — 15 V supplies, but are not tested. 


e Topography Information 


INTERCHIP CONNECTIONS 
With 2 JFETs: 


TO GATE 2 
NO CONNECTION 
TO GATE 1 
NO CONNECTION 


With 4 JFETs: 


TO GATE 4 
TO GATE 2 
V— (SUBSTRATE) TO GATE 3 
INPUT 2 TO GATE 1 


LODC1000 is used for following devices: 


DEVICE JFET USED NO. OF JFETs 


NC2000 
NC1000 
NC1000 
NC2000 
NIP 1000 
NIP1000 
NIP1000 
NC1000 
NIP1000 
NC1000 


B~ 


FPANHYONNANN A 
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LODF1000 — DRIVER CHIP CHARACTERISTICS 


All parameters are specified under the following conditions: V+ = +12 V, V— = -18 V, VR=0 V, Vino =2.5 V unless 
otherwise noted, TA = 25°C. 


DC PARAMETERS : 


| Unit | Test Conditions 


VIN1=2 V, ViIN2=2.5 V 
VIN1=2.5 V, VIN2=2 V 


bv slew 
ic Ope 
re ViIN1=3 V, VIN2=2.5 V 


Characteristics 


1 IINL1 .| Input Current , 
lINL2 Input Voltage Low 
+ 


NHI _| Input Current 
lINH2 Input Voltage High 


co 
err 
bt mew ad 
ia 
ree, 
3 [1 | Postive Supply Curent =| va aA 
WE 
muees 
Famed 
ra 
he: 


VIN1=2.5 V, ViIN2=3 V 


: Ei VIN1=2 V or Vint =3 V, 
4 ie Negative Supply Current Onclenandelios 


7 ae Negative Supply Current -25 NaN ING a Hf 
8 WiRe= = Reference Supply Current 
NOTES: 


1. Vix) must be a step function with a minimum rise and fall rate of 1 V/yS. 
2. The supply voltage condition of + 12 V/— 18 V is standard test condition. Specs will also be met with +15 V/—15 V supplies, but are not tested. 


uoipwuojuy Ayudpsbodo, 31g 


& 


INTERCHIP CONNECTIONS 
With 2 JFETs: 


TO GATE 2 


9 


NO CONNECTION 
NEU TS TO GATE 1 
- NO CONNECTION 
V— (SUBSTRATE) With 4 JFETs: 


TO GATE 4 
TO GATE 2 
TO GATE 3 
TO GATE 1 


INPUT 2 


LODF1000 is used for following devices: 


DEVICE JFET USED NO. OF JFETs 


NC1000 
NC2000 
NC2000 
NC1000 
NIP1000 
NIP1000 
NIP1000 
NC1000 
NIP1000 
NC1000 


diyojow S 


4 
4 
2 
2 
4 
2 
2 
Z 
4 
4 
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NC1000 JFET SWITCH CHARACTERISTICS 


DC PARAMETERS Ta =25°C 


iain [Mex | Unie f 
[ aveps | cate-brain Breakdown Votage | a5 | |v | get 
IBtSHi | Dano ork Cuba |__| |t.00 ion Vp ee 


NC2000 JFET SWITCH CHARACTERISTICS 


DC PARAMETERS Ta = 25°C 
BVGps | Gate-Drain Breakdown Voltage mca mene IgG=-1 pA 


Die Topography Information 


'DS(on) | Drain Source-ON Resistance 


GATE ON BACKSIDE 


INTERCHIP FUNCTION 
CONNECTIONS 


SOURCE 
DRAIN 


Gate is on backside of chip 


NC1000/NC2000 


NH1000 JFET SWITCH CHARACTERISTICS 


DC PARAMETERS Ta=25°C 


Characteristics 


BVGps | Gate-Drain Breakdown Voltage 


coe 
Mipjor) | rein cut On| curation 

Beis 

ead 


[ita | un [Tost Condvons 
pines nee 


IS (off) Source Cut Off Current 


DS(on) | Drain Source-ON Resistance 


GATE ALSO BACKSIDE CONTACT 


INTERCHIP PAD 
CONNECTIONS ea hed 
s SOURCE 
DRAIN 


D 
G GATE 


300 22 
JFET SWITCH CHIP 


0.015 
(0.381) 


9-52 


NIP1000 JFET SWITCH CHARACTERISTICS 


DC PARAMETERS Ta = 25°C 


Characteristics Test Conditions 


2 | Sener eee ies iA 


BOTH GATE PADS ARE COMMON, 
GATE ALSO ON BACKSIDE 


INTERCHIP PAD 
CONNECTIONS FUNETION 


SOURCE 
DRAIN 
GATE 


* Either gate pad can be used, 
backside is also gate 


0.030 
(0.76) 


Siliconix 


9-53 


uoippwsojuy AydnsBodo] 31g 


diyonjayw fe 


Die Topography Information 


‘gh 
‘aaane 


V— (SUBSTRATE) 
INPUT 1 
INPUT 2 
INPUT 3 
INPUT 4 
INPUT 5 

VR 


INTERCHIP PAD CONNECTIONS 


TO GATE 1 
TO GATE 2 
TO GATE 3 
TO GATE 4 
TO GATE 5 


DRIVER CHIP 


L 
H He 


eodeabhs 


0.052 
(1,32) 


TPiNNO. [FUNCTION] 


V— (SUBSTRATE) 
INPUT 1 
INPUT 2 
INPUT 3 
INPUT 4 


INPUT 5 
VL 


TO GATE 1 
TO GATE 2 
TO GATE 3 
TO GATE 4 
TO GATE 5 


DRIVER CHIP 


9-54 


ae 


™ d@dddaa" 


| PINNO. | FUNCTION INTERCHIP PAD CONNECTIONS 
A 


SOURCE 2 
SOURCE 1 
DRAIN 
Vz 
V+ (SUBSTRATE) 
SOURCE 5 
SOURCE 4 
SOURCE 3 


Pin numbers are for dual in-line packages 


MOS SWITCH CHIP 


PPPPT I. 


[PINNO. [FUNCTION 


V+ 


SOURCE 2 
SOURCE 1 
DRAIN 
\/= 
(SUBSTRATE) 
SOURCE 5 
SOURCE 4 
SOURCE 3 


INTERCHIP PAD CONNECTIONS 


Pin numbers are for dual in-line packages 


Siliconix 


MOS SWITCH CHIP 


Ds 


Burn-in Pin Connections [f) 
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Burn-in Pin Connections 


The following table lists the standard Burn-In Pin Connections for most Siliconix Integrated Circuits. Devices are listed in Alpha- 
Numerical order according to package type. Following the tables are two examples illustrating Burn-In Pin Connections for different 
switches and packages. 


Part | Package pe 


Type | _Type* _ Se nc FPS a 18 


D123/ 10K — 
P/L | -30V 14) | (14 14) | (14 14 
D139 10K — | 10K— dee ices 
4.7K —| 4.7K —| 4.7K —|4.7K— |4.7K— 
DG1 GND | GND | GND |-20v 


wo 
= 
a | 
_ 
si 
cd 
5 
re 
° 
5 
5 
© 
a] 
=e 
° 
= 
a] 


DG125 | GND | | GND | GND | | GND | | -20 V| | GND | GND | | GND | | GND | | GND | | GND | /+5V) | +5V | | GND | GND | | GND | GND | | GND | 
DG126 
DG129 
DG133 
DG134 
DG139 
DG140 
DG141 
DG142 
DG143 
DG144 10K — 10K — 10K— | 10K— 
ise dis hip +10 avn | cup | * 10] GND | GND | +10V)—20 Vv) GND | +10v 
DG146 
| 0G151 
DG152 
DG153 
DG154 
DG161 
DG162 
| DG163 
‘| DG164 
i ee 
| DG172 jer |g [SND aa | O82 | eno | | = |-20¥ ES j+sy| as Ea sv) eno | ev lea ca 


| DG180 
| DG181 
Shi 10K — 10K 
DG186 A +15 V GND |+15V|+5V| GND |-—15V| GND ~ 1415 V 
GND GND 
DG187 
| DG188 
DG281 


DG180 
DG181 10K — 10K— 

V} GND |-—15V}|GND 15 V 
DG182 P/L +15 V GND GND |} +15 Vj +5 5 G GND + 
DG281 


DG183 

DG184 

DG185 

DG189 10K — 10K— 10K — 

DG190 GND —15 V|—15 V GND GND +15V|GND |+15V|+5V] GND 15 V |GND |+15 V 
DG191 

DG284 

DG290 


Parentheses indicate direct connection to indicated pin i.e., (2) = connect to pin 2; All voltages +5%. 
*Package types: P=All Dual-In-Line Packages, L=All Flat Packages, A=All 10-Lead TO-5s, R = 28 Pin Dual-In-Line Packages. 


Siliconix 10-1 


Burn-in Pin Connections 


Burn-in Pin Connections (Continued) 


Part package | ae ee be ee 
Type Type* 


DG183 
DG184 
DG185 
DG186 
ree pre 215 v] OK= | 1K= 1 os vi Guo | 415V1+5V 1 GND |-15V +15 V ~15V 
GND | GND 
DG189 
DG190 
DG191 
DG284 
DG290 


10K— 
DG200 A +15 V}+15V} GND -15V GND +15 V 
10K— 
DG200A +15 V (10) ;|-15V (10) +15 V +15 V 
GND 
DG201 
18 1 +15 V/+15.V |= Joey} os | teas ee 


DG211 poe [osy] | jos) |-18v Jeno | 15) 5) +18¥ prev | cy sy | jessy) cs) Peace elie. 


DG300 

DG300A 

DG301 

DG301A 10K— 

bG304 GND 15 V | GND GND +15V 
DG304A 

DG305 

DG305A 


DG300 

DG300A 

DG301 

DG301A 

DG302 

DG302A 

DG303 

DG303A 10K — 
DG304 (13) (13) (13) (13) | GND |}GND |—15 V| GND (13) (13) GND +15 V 
DG304A 

DG305 

DG305A 

DG306 

DG306A 

DG307 

DG307A 


DG308 


DG381 
DG3B1A A/P See DG181 


DG384 
DG384A 
DG387 
DG387A 
DG390 
DG390A 


DG501 
DG503 P/L +10 V{ (12) | (12) | (12) | (12) | (12) =H0 V} =15 V 
$13705 


5 10 1 12 
DG506 HBV. a a (28) 2) 8 (28) | (28) | GND GND 
DG506A 
DG5O7 16 19° 21 
DG507A ~ 10K — 
GND | GND | GND | GND 18Vl GND 


DG508 10K — 
DGs09 


Parentheses indicate direct connection to indicated pin i.e., (2) = connect to pin 2; All voltages +5%. 
*Package types: P =All Dual-In-Line Packages, L=All Flat Packages, A=All 10-Lead TO-5s, R = 28 Pin Dual-In-Line Packages. 


A/P See DG184 


A/P See DG187 


A/P See DG190 


10-2 Siliconix 


Burn-in Pin Connections (Continued) 


Part ‘a 
Type | _Type* [cis Us a Aan ie Oe ee 


= eoon E : ae = 


DG529 Ea ES Ey rev] ca | a | DIES j+8v ES GND GND 


oko | 18¥ 


J 

DG5041 

DG5042 pee yaa 

DG aa hey WF) \"y +15 Vi GND} +15V}+5V |GND |—15V) GND |}+15V 
DG5044 

ee 


aa a es oe 10k2 |} 33kQ2 | 4.7k2 ea | 
DF320 
Ea joo Ba i ENE! 33kQ2 | 4.7kQ ee 
DF. 
oe Pm foe ffm oft [oe [fof | ow 
G116 P/L —15V|-15 Vj|-—15 V}—15 V}—15 V| —15 V (14) Lo Sag 
+10 V 
G118 PAL -15 Vj -15V}-15V|-15V/]-15Vj-—15 Vj) (14) (14) Woe 
+10V 
G119 P/L (14) |-15V]-15Vj-—15 V] (14) (14) (14) (14) Roh 
+10V 
G122 —15 Vj-—15 V 5 -15v 15 ry) ca) | ja | (14) Nasa 
+10 V 
= Gna oe aeeeoe na Scere 


L161 


3MQ> 220> 
ND 2 


Se 


Parentheses indicate direct connection to indicated pin i.e., (2) = connect to pin 2; All voltages +5%. 
*Package types: P=All Dual-in-Line Packages, L=Alll Flat Packages, A=All 10-Lead TO-5s, R= 28 Pin Dual-In-Line Packages. 


Siliconix 


SUOI}JIOUUOD Uldg Ul-UINg 


(11) 


10-3 


Burn-in Pin Connections 


10-4 


Burn-in Pin Connections (Continued) 


Examples of Burn-In Circuit Configurations 


DG190/DG191 (PACKAGE TYPE P) 


DG200 (PACKAGE TYPE A) 


Siliconix 


Ds 


Siliconix 


Package Data [iii 


Index 


PACKAGE DATA 


Package Letter Code Package Type Page 
2 A 10 Lead Metal Can’... f. ) gate. . oaek esglen wade eee er 11-1 
5 L 14 Lead Bottom-Braze Flatpack... 6.05 24. seen sce nee so = see 11-1 
7 4) 14 Pity Plastic Dual-In-LIN@ oe eo te ck eee cae ss oe es oe en 11-2 
8 ao 16 Pin Plastic Dual-In-Line .... fo 2%. de ah cic ne wn one oe oe 11-2 
S) K 14 Pin Cerdip Dual-In-Line 2... 0228.24. beds ces ees ee alee on 11-3 

10 K 16 Pin Gerdip Dual-InsLine! 2.5... ile aha eles oo oe 11-3 
11 P 14 Pin Side-Braze Dual-In-Lines. .... 0.2.08. de ces coe. os oe 11-4 
12 e 16 Pin Sidée-Braze Dual-In-Line ..... 2 .....0...02-. 0000» oss ete 11-4 
13 R 28 Pin Side-Braze Dual-In-Line:. 0 .6.0.).08 «ae ti ae oe 2 coe 6 eee 11-5 
14 J 28 Pin-Plastic.-Dual-In=Lin@:awe-d-cdra-seerweees «fas» « oe 6 3 noe 11-5 
16 L 14 Lead, Bottom-Brace.Flatpack ..,.\4. . « decc ae ss coe « one 11-6 
17 L 16 Lead Bottom-Braze Flatpack... 2... ..00. 4-26 5a 5 occ oie 11-6 
18 L 10 Lead:Bottom-Braze Flatpack io. @. .. Se coe ts os so 11-7 
19 J 18 Pin Plastic Dual-In-Line) .... 26.5 605.6. ee tenses oe eee eee 11-8 
20 2 18 Pin Side-Braze Dual-In-Line”: 7... oe ww. i cis os oa ee 11-8 
22 J 40 Pin Plastic Dfal-In-CIn€: . 20 5 saa choice e abare as oles © neta ate 11-9 
23 K 18 Pin Cerdip Dual-In-Line.. 3.20590. 4. cs Bice oe oe oho oa 11-9 


psf 


Siliconix 


piDG e6p»y2Pd 


Li ieee 


0.050 /.127) 0,019 /.483) pip 
INSULATOR 0.016 /.406) 
MAX 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) BOTTOM VIEW 


PACKAGE 2 
10 LEAD TO-100 TYPE METAL CAN (A) 


0.050 


ve 
(0.127) 


| 


0.280 (7.77) 


| 0.240 (6.70) 


TOP VIEW 


0.035 (0.89) 
0.015 (0.38) 


PACKAGE 5 
14 LEAD FLATPAC (L) 
(BOTTOM BRAZE) 


PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING 

@ DOT (INK OR IMPRESSION) ON TOP AND/OR BOTTOM OF PACKAGE 
@ NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

@ NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


Siliconix 11-1 


Package Data 


TOP VIEW 


0.785 (12.9) 
0.700 (17.8) 


0.200 (5.08) 
0.110 (2.79) 


SEATING 
PLANE 0.150 (3.87) 
0.125 (3. 18) 


0,310 (7.87) 
0.290 (7.37) 
0.110 (2.79) ry Oto 15° 0,012 


0.090 (2. 29) Y TYP 0.008 
TOLERANCE (Sie 
NON-ACCUMULATIVE (20) 


PACKAGE 7 


14 LEAD DUAL IN LINE PACKAGE (J) 
(PLASTIC) 


0.125 (3.18) 


0,310 (2.87) 
0.290 (7.37) 


TyP 0 to 15° 


0.090 (2.29) 
0.110 (2.79) 
TOLERANCE 
NON-ACCUMULATIVE 


PACKAGE 8 
16 LEAD DUAL IN LINE PACKAGE(J) 
(PLASTIC) 


PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING 

@® DOT (INK OR IMPRESSION) ON TOP OF PACKAGE 

@ NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

® NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


11-2 Siliconix 


INDEX MAY BE PARTIALLY 
TOP VIEW i FILLED WITH GLASS 


biDG o6p»2Pd 


0.785 (79.94) MAX 


0.200 
(ans) 


SEATING 


PLANE 0.200 (5.08) 


0.125 (3.78) 


0.320 (8.73), 

| | L 0.290 (7.37) 

0.110 (279) 0 to 15° 

as TYP 0.01 

0.014 (1.78) TYP 0.090 (2.29) TYP oO 


(0.58) (0.76) TOLERANCE (0. 38) 
(0.36) NON-ACCUMULATIVE (0.20) 


PACKAGE 9 
14 LEAD DUAL IN LINE PACKAGE (K) 
(CERDIP) 


0.840 (27.34) MAX 


0.320 (8.13) 
as) era <u} 0.290 (7.37) 
0.070 0.110 (2.79) 0 to 15° 0.015 
0.030 0.090 (2.29) TYP 0.008 


TYP TYP 0.008 
(0.58) (1. 73) ' TOLERANCE (0.38) 
(0.38) (0.76) NON-ACCUMULATIVE (0.20) 
PACKAGE 10 
16 LEAD DUAL IN LINE PACKAGE (K) 
(CERDIP) 


PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING 

® DOT (INK OR IMPRESSION) ON TOP OF PACKAGE 

@ NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

@ NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


Siliconix 11-3 


Package Data 


TOP VIEW 


0.786 (19.96) 
0.640 (76.26) 


0.200 (5.08) 
0.100 (2.54) 


SEATINGH 
PLANE 
0.160 (4.06) 


0.125 (3.78) 


0.110 (2.79) 
0.090 (2.29) '*? 


s TOLERANCE 
(1.02) NON-ACCUMULATIVE 


PACKAGE 11 
14 LEAD DUAL IN LINE PACKAGE (P) 
(SIDE BRAZE) 


TOP VIEW 


0.830 (27.1) 
0.740 (78.8) 


BS 0.012 (.31) Ty 

| 0.008 (20) 
0.070 0.110 (2.79) +p 0.320 (8.13) 
0.090 (2.29) 0.290 (7.37) 


0.040 
(1.78) TYP TOLERANCE 
(1.02) NON-ACCUMULATIVE 


PACKAGE 12 
16 LEAD DUAL IN LINE PACKAGE (P) 
(SIDE BRAZE) 


PIN 1 INDEX 1S ONE OR MORE OF THE FOLLOWING 

®@ DOT (INK OR IMPRESSION) ON TOP OF PACKAGE 

@® NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

® NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS tN MILLIMETERS) 


11-4 Siliconix 


DIDG 36P»2Pd 


TOP VIEW 


1,420 (36.1) 
1.380 (35.7) 


0.100 (2.54) 
SEATING 
PLANE 


0.200 (5.08) 
0.125 (3.18) 


[9.012 (.37) 
0.008 (20) 
0,110 (2.79) typ 0.620 (15.75) 


0.090 (2.29) 0.590 (714.99) 
TOLERANCE 
NON-ACCUMULATIVE 


PACKAGE 13 
28 LEAD DUAL IN LINE PACKAGE (R) 
(SIDE BRAZE) 


1.480 (37.60) 


sm $$ lt 


1.430 (36.32) 


0.180 (4.57) 
0.130 (3.30) 


{ SEATING 


1,52) (1.02) 0.590 (14.99) 


TYP 
rsa ——_ 0.100 (2.54) TYP 


TOLERANCE (0.58) 
NON—ACCUMULATIVE (0.33) 
PACKAGE 14 
28 LEAD DUAL IN-LINE PACKAGE (J) 


(PLASTIC) 


0.023 
0.013 


0.060 0.040 TYP = 0.610 (15.49) 
a = 


PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING 

@ DOT (INK OR IMPRESSION) ON TOP AND/OR BOTTOM OF PACKAGE 
e NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

e NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


Siliconix 11-5 


Package Data 


0.019 (0.48) 
0.015 (0.38) 


0.050 (7.27) 
fe 0.325 (8.26) 2 ets 0.370 (9.40) oo aILY,P. 
0.270 (6.86) 0.250 (6.35) 0.025 
0.015 
(0.64) 
(0.38) 


eC 0.210 Lb 0.006 (0.15) | 0.100 (2,54) 


0.190 (4.83) 0.004 (0.70) 0.075 (7.97) 


PACKAGE 16 
14 LEAD FLATPAC (L) 
(BOTTOM BRAZE) 


0.019 (0.48) 


0.015 (0. 


EB 0.300 (7.62) . 0.370 (9.40) 


—_—_ -> 
0.260 (6.60) 0.250 (6.35) 


Pe a OD UI). SSS 


MIN 


0.200 (5.08)|_. 0.006 (0.75) 
0.180 (4.57) 0.004 (0.70) 


PACKAGE 17 
16 LEAD FLATPAC (L) 
(BOTTOM BRAZE) 


PIN 1 INDEX 1S ONE OR MORE OF THE FOLLOWING 

@ DOT (INK OR IMPRESSION) ON TOP AND/OR BOTTOM OF PACKAGE 
@ NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

e NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


Siliconix 


38) 


0.100 (2.54) 
0.075 (7.97) 


pipg e6p»3nd 


0.019 (0.48) 
| 0.200 717/37) 1M 0.370 (9.40) 
0.250 (6.35) 0.250 (6.35). 0.015 (0,38) 


0.025 
0.015 


(0.64) | 
(0.38) 


0.750 (79.05) ——_—_—————————c“e 


MIN 


0.190 (4.83)]. 0.006 (0.75) 0.100 (2.54) 
=10.160 (4.06) 0.004 (0. 70) 0.075 (7.97) 


PACKAGE 18 
10 LEAD FLATPAC (L) 
(BOTTOM BRAZE) 


PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING 

e DOT (INK OR IMPRESSION) ON TOP AND/OR BOTTOM OF PACKAGE 
@ NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

@ NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


Siliconix 11-7 


TOP VIEW 


Package Data 


0.925 
(23.50) 


SEATING | 0.100 0.100 
Jan (2.54) 


re 0.310 (7.87) 
0.290 (7.37) 
- 0.023 0. 0.070 [ono 110 oor ae ie 79) 
(0. 58) (1. 78) TOLERANCE 
(0.38) (0.76) NON-ACCUMULATIVE 


PACKAGE 19 
18 LEAD DUAL IN-LINE PACKAGE (J) 
(PLASTIC) 


0.310 (7.87) 
0.275 (6.99) 


TOP VIEW 


0.9265" (23.50) 
0.875 (22.23) 


0.200 (5.08) 


0.100 (2.54) 


SEATING 

PLANE 
0.160 (4.06) 
0.125 (3.78) 


0.06 | 0.012 ® | 


0.020 0.008 


ORT10 aes, (1.65) (0.30) 0.320 (873) 


0.090... (0.51) (0.20) 0.290 (7.37 
(2.79) TYP TYP ae 


(2,29) 


PACKAGE 20 
18 LEAD DUAL IN-LINE PACKAGE (P) 
(SIZE BRAZE) 
PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING 
@ DOT (INK OR IMPRESSION) ON TOP AND/OR BOTTOM OF PACKAGE 


e NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 
@ NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


11-8 Siliconix 


2.100 (53.34) 
2.030 (51 56) 


Ch HOPED SUES 72 ee ee ee bye Cee Pe ee ey te) 
1321) 


0.210 (5.33) 

0.160 (4.06) 0.150 
0.120 
(3.81) 


(3.05) 


aT 


0.050 


| L f 0.020 
(1.27) 
0.018 TYP 
iS 


(0.46) (0.51) 


SEATING PLANE : 


0.060 TYP 
0.100 (2.54) TYP (1.52) 


TOLERANCE 


NON-ACCUMULATIVE 0.040 TYP 


(1.02) 


PACKAGE 22 
40 LEAD DUAL IN-LINE PACKAGE (J) 
(PLASTIC) 


INDEX MAY BE PARTIALLY 


TOP VIEW FILLED WITH GLASS 


0.060 
0.015 
(1.52) 
(0.38) 
| 
0.200 
(ees ns 
SEATING 
PLANE 
0.200 (5.08) 
0.125 (3. 78) 


0.960 (24.38) MAX 


0.320 (8.13) 
0.290 (7.37) 


0.110 (2.79) 
0.090 /2.29) 
TOLERANCE 
NON-ACCUMULATIVE 


PACKAGE 23 
18 LEAD DUAL IN-LINE PACKAGE (K) 
(CERDIP) 


PIN 1 INDEX IS ONE OR MORE OF THE FOLLOWING 

e DOT (INK OR IMPRESSION) ON TOP AND/OR BOTTOM OF PACKAGE 
@ NOTCH OR HOLE IN PIN 1 VISIBLE FROM TOP AND/OR SIDE 

e NOTCH IN END OF PACKAGE VISIBLE FROM TOP AND/OR BOTTOM 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


Siliconix 


0.630 (16.00) 
0.580 (14.73) 


0.010 TYP 
| (0.25) 
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Publications index 


Catalog Document 


Catalog Document Title 
(See Key) Number 


(See Key) Number Title 


AN70-1 


AN70-2 
AN71-1 


AN72-1 
AN72-2 
AN73-1 
AN73-2 


AN73-3 
AN73-4 
* AN73-5 
AN73-6 
* AN73-7 
* AN74-1 
AN74-2 
AN74-3 
* AN74-4 
* AN75-1 


AN76-1 


* AN76-3 
* AN76-6 
* AN76-7 


* AN77-1 


* AN77-2 


* AN79-1 
* AN79-3 


* AN79-4 
AN79-5 


* AN79-6 


AN79-7 


Application Notes 
FET Cascode Circuits Reduce 
Feedback Capacitance 
FETs for Video Amplifiers 
A High Resolution CMRR Test 
Method 
FETs in Balanced Mixers 
FETs as Analog Switches 
FETs as Voltage-Controlled Resistors 
IC Multiplexer Increases Analog 
Switching Speeds 
Switching High-Frequency Signals 
With FET Integrated Circuits 
Junction FETs in Active Double- 
Balanced Mixers 
Driver Circuits for the JFET Analog 
Switch 
Function/Application of the L144 
Programmable Micro-Power Triple 
Op Amp 
An Introduction to FETs 
Function/Application of the LD110/ 
LD111 3% Digit A/D Converter Set 
Analog Switches in Sample and Hold 
Circuits 
Designing Junction FET Input 
Op Amps 
Audio-Frequency Noise 
Characteristics of Junction FETs 
CMOS Analog Switches—A Powerful 
Design Tool 
Measuring High Frequency 
S-Parameters on the Dual Gate 
MOSFET 
VMOS—A Breakthrough in Power 
MOSFET Technology 
DG300 Series Analog Switch 
Applications 
Function/Application of the L161 
Micropower Comparator 
Function/Application of the LD120/ 
LD121 4% Digit A/D Converter Set in 
Measurement Systems 
Don’t Trade Off Analog Switch 
Specs. VMOS—A Solution to High 
Speed, High Current, Low Resistance 
Analog Switches 
A 500 KHz Switching Inverter for 
12 V Systems 
Dynamic Input Characteristics of a 
VMOS Power Switch 
Driving VMOS Power FETs 
Using the VN64GA High Current, 
High Power VMOS Power FET 
Using VMOS Transistors to Interface 
from IC Logic to High Power Loads 
Applications of the VN1OKM VMOS 
Power FET 


VA * AN80-1 


VA AN80-2 
AN80-3 

AN80-4 

* AN80-5 


AN80-6 


AN80-8 


AN81-1 


AN81-2 
*AN81-3 


* DA77-2 


DA78-4 


* DA80-1 


DA81-1 


DA81-2 


* DI71-1 
DI71-4 


DI71-5 
DI71-6 


DI71-8 


DI71-9 


* DI73-2 


DI80-1 


TA70-1 


* TA70-2 
* TA73-1 


TA73-2 


TA76-1 


Silicon 
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A Key to the Advance of Switching 
Power Supplies 

Meet the VMOS FET Model 
Ultralinear Broadband Amplifier 
Enjoy VHF Power Amplifier Design 
An Alternative Power Amplifier 
Design 

AGC for the VMOS RF Power 
Amplifier 

Function/Application of the 
LD122/LD121A +4% Digit A/D 
Converter Set in Measurement 
Systems 

Microprocessor Interface Techniques 
As Applied to the Siliconix A/D 
Converter Family 

Introduction to Quantized Feedback 
Composite Op Amp for High 
Performance 


Design Aids 
Design Aid of the LD120/LD121 4% 
Digit DVM 
Build a Smoke Detector With the 
SM110 IC 
A Low Cost Regulator for 
Microprocessor Applications 
Logic Interfacing Made Easy with the 
DG308 
Logic Interfacing Made Easy with the 
DG308 


Design Ideas 
The FET Constant Current Source 
Wideband Mixer-Preamplifier Using 
FETs 
A FET Frequency Doubler 
Using FETs in Selective VHF 
Amplifiers 
Using JFETs in Ultra-Wideband UHF 
Amplifiers — 
Wideband UHF Amplifier with High 
Performance FETs 
High Performance FETs in Low-Noise 
VHF Oscillators 
A 5 Watt, Parallel-Mode Crystal 
Oscillator 


Technical Articles 
High Frequency Junction FET 
Characterization and Application 
FET Biasing 
Multiplexer Adds Efficiency to 
32-Channel Telephone System 
Designing with Monolithic FET 
Switches 
VMOS Power FETs in Your Next 
Broadband Driver 
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Publications Index 


Catalog Document 
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Siliconix 


Publications Index (Cont'd) 


Title 


(See Key) Number 


TA76-2 A New Technology: Application of 
VMOS Power FETs for High 
Frequency Communications 


* TA78-2 Designing a VMOS 250 Watt Off-Line 


Inverter 


Catalogs 
Analog Switch & IC Product Data Book 
Analog Switches and Their Applications ($7.95 
charge) 
FET Design Catalog 
VMOS Power FETs Design Catalog 
VMOS Power FETs Applications Handbook 
OEM Pricing with Cross Reference 
RF Power FET Short Form Catalog 
Siliconix Short Form Selector Guide 


Key 


Catalogs 
AIC = Analog Switch & 


F =FET Design Catalog 


iC Product Data VA =VMOS Applications 


Book Handbook 
A=Analog Switches and 


Their Applications 


*Available in bound catalog only. 
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Title 


Reprints & Reports 
Siliconix, Inc. Annual Report. 


Designing a VMOS 250 Watt Off-Line Inverter. 
David C. Hoffman, Powercon 3/78 


Designing with CODECs: Know Your A’s and p's. 
Thomas J. Mroz, EDN 5/76 

Log Data under » Control. Gary Grandbois, 
Electronic Design 5/76 


Higher Power Ratings Extend VMOS FETs’ 
Dominion. Arthur D. Evans, David C. Hoffman, 
Edwin S. Oxner, Walter Heinzer and Lee Shaeffer. 
Electronics 6/78 


CODEC has On-Chip Signaling for Phone 
Applications, Walter Heinzer and Steve Bolger, 
Electronics 6/7/79 


A Microprocessor Controlled VMOS Power 
Supply, David C. Hoffman 


Control Analog Signals with Voltage, Stephen 
Moore, Electronic Design, 1978 


Exploit VMOS FETs’ Advantages to Drive Bipolar 
Power Transistors, F. Michael Barlage, Powercon 
5/78 


Rely on IC Analog Switches for Fast Small-Signal 
Control, EDN, August 5, 20, Sept. 5, 1980 


Composite Op Amp Outperforms FET-input ICs, 
EDN, May 27, 1981. 


Book 
Designing with Field-Effect Transistors, Edited by 
Arthur D. Evans. Available at your technical 
bookstore or write to Suite 26-1; McGraw Hill 
Book Co.; 1221 Avenue of the Americas; New 
York, NY 10020. 


Glossary of Terms and Abbreviations 


Ay 
Avot 
AZ IN 
AZ OUT 


liNH 


Hint 
INT IN 


INT OUT 


DC Closed Loop Voltage Gain 

DC Open Loop Voltage Gain 
Auto-Zero Amplifier Input 

Auto-Zero Amplifier Output 

Binary Coded Decimal 

BCD Data Bit Outputs 

Auto-Zero Storage Capacitance 
Integrator Capacitance 

Load Capacitance 

Common Mode Range 

Common Mode Rejection Ratio 
Analog Comparator Output 
Oscillator Capacitance 

Auto-Zero Storage Capacitance 

Digit Strobe Outputs 

End of Conversion Signal 

Clock Frequency 

Clock Input Frequency 

Line Frequency 

Resonant Frequency 

Full Scale 

Gain at the Resonant Frequency 
Input Bias Current 

Clock Input Current, Clock Voltage Low 
Drain Supply Current 

Input Current 

Logic Input Current, Input Voltage High 
Logic Input Current, Input Voltage Low 
Integrator Summing Node (Input) 
Integrator Amplifier Output 

Output Current 

Output Current, Output Voltage High 


P-P 
PSRR 
Q 


'DS(on) 


REF Si; 
Rin 


Siliconix 


Output Current, Output Voltage Low 
Input Offset Current 

Reference Supply Current 

Reference Supply Current, Input Voltage 
High 

Reference Supply Current, Input Voltage 
Low 

Supply Current or FET Source Current 
Output Short Circuit Current 

Source OFF Leakage Current 

Source Supply Current 

Positive Supply Current 

Negative Supply Current 

Positive Supply Current 

Negative Supply Current 

Least Significant Bit 

Most Significant Bit 

Measure-Zero Logic Output 

No Connection 

Normal Mode Rejection at Input 

Open Collector Logic 

Overflow Logic Output Pulse 
Overrange Logic Output Pulse 

Pull-Up Gate 

Power Dissipation 

Peak to Peak 

Power Supply Rejection Rate 

Quality Factory 


ON Resistance of FET Switch 
Drain-Source ON Resistance 
(D.C. measurement) 


Reference Output Voltage 
Input Resistance 
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Glossary of Terms and Abbreviations 
(Cont'd) 


loft 
tottien) 
ton 
ton(En) 
topen 
t, 


transition 


U/D 


V Az(in) 
Vp 


VcLock IN 


Load Resistance Vep 
Input Source Resistance Ves 
Set Current Resistance 

Source 

Sequential/Interlace Digit Scan Logic Input 
Slew Rate Vin 
Ambient Temeprature 


Turn-Off Time 

Enable Turn-Off Time 
Turn-On Time 

Enable Turn-On Time 
Break-Before-Make Interval 
Response Time 


— Switching Time of Multiplexer 


Up/Down Logic Output 
Underrange Logic Output Pulse 
Address Input Voltage 

Address Input Voltage, High 
Address Input Voltage, Low 
Auto-Zero Amplifier Output Voltage 
Auto-Zero Switch Input Voltage 
Body Voltage 

Clock Logic Input Voltage 

Drain Voltage 

Drain-Body Voltage 


Drain Supply Voltage; Negative for PMOS, Va 
Positive for NMOS and CMOS Ve 


Enable Input Voltage ZIN 
Gate Voltage 
Gate-Body Voltage 


Siliconix 


Vesiott) 
Vesith) 
VHi-o 


VINH 
Temperature Coefficient VINL 


Arps(on) 


Gate-Drain Voltage 
Gate-Source Voltage 
Gate-Source Pinchoff Voltage 
Gate-Source Threshold Voltage 
High Quality Ground Input Voltage 
Input Voltage 

Logic Input Voltage, High 
Logic Input Voltage, Low 
Logic Supply Voltage 

Output Voltage 

Output Voltage, High 

Output Voltage, Low 

Input Offset Voltage 

Output Voltage Swing 

Pull-Up Gate Voltage 

Pull-Up Gate to Body Voltage 
Reference Voltage 


Threshold Reference Voltage 
Positive Reference Voltage 


Source Supply Voltage 
Source-Body Voltage 


Source Supply Voltage; Positive for PMOS, 
Negative for NMOS and CMOS 


Auto-Zero Loop Storage Voltage 
Positive Supply Voltage 
Negative Supply voltage 

Positive Supply Voltage 
Negative Supply Voltage 

Input Impedance 


— Fractional Change in Drain-Source ON 


Resistance (D.C. measurement) 


Eastern 


Siliconix Incorporated 
31 Bailey Avenue 
Ridgefield, CT 06877 
(203) 431-3535 


Siliconix Incorporated 
395 Totten Pond Rd. 
Waltham, MA 02154 
(617) 890-7180 

Twx: 710-324-1783 


U.S. Sales Offices 


Central 


Siliconix Incorporated 

1327 Butterfield Rd., Suite 620 
Downers Grove, IL 60515 
(312) 960-0106/07/08 

Twx: 910-695-3232 


Siliconix Incorporated 

Two King James South, Suite 143 
24650 Center Ridge Road 
Westlake, OH 44145 

(216) 835-4470 


Siliconix Incorporated 
P.0. Box 487 

(403 E. Wall) 
Grapevine, TX 76051 
(817) 481-5815/6 


Northwestern 


Siliconix Incorporated 
2201 Laurelwood Rd. 
Santa Clara, CA 95054 
(408) 988-8000 

Twx: 910-338-0227 


Southwestern 


Siliconix Incorporated 
1525 E. 17th St., Suite L 
Santa Ana, CA 92701 
(714) 547-4474 

Twx: 910-595-2643 


SO2IHO S3IDS 


U.S. Sales Representatives 


ALABAMA, Huntsville (35803) 
Rep. Inc. 

11527 S. Memorial Pkwy. 
(205) 881-9270 

Twx: 810-726-2102 


ARIZONA, Tempe (85281) 
Quatra Associates, Inc. 
1801 S. Jen Tilly 

Suite C-14 

(602) 894-2808 

Twx: 910-950-1153 


CALIFORNIA, Cupertino (9501 4) 
Costar Incorporated 

10080 North Wolfe Rd., Suite SW3-175 
(408) 446-9339 

Twx: 910-338-0206 


CALIFORNIA, Fountain Valley (92708) 


Bager Electronics Inc. 
17220 Newhope St., #211 
(714)957-3367 
(213)433-1687 


COLORADO, Englewood (801 12) 
Deita Sales Assoc. 

Bldg. 8 — Penthouse F 

14 Inverness Dr. E. 

(303) 741-0646 

Twx: 910-935-0717 


CONNECTICUT, Ridgefield (06877) 
Phoenix Sales Company 

389 Main Street 

(203) 438-9644 

Twx: 710-467-0662 


FLORIDA, Largo (33540) 
Perrott Associates 

511 Rosery Rd. NE 
(813)585-3327 

Twx: 810-866-0328 


FLORIDA, Orlando (32807) 
Perrott Associates 

1607 Forsyth Road 
(305)275-1132 

Twx: 810-850-0103 


FLORIDA, Sunrise (33313) 
Perrott Associates 

5975 W. Sunrise Blvd., Suite 212 
(305)792-2211 

Twx: 510-955-9831 


GEORGIA, Norcross (30692) 
Montgomery Marketing 

3640 Peachtree Corner W., #303 
(404)447-6124 


ILLINOIS, Des Plaines (60018) 
Electron Marketing Corp. 

3166 Des Plaines Ave. 

Suite 35 

(312)298-2330 


INDIANA, Carmel (46032) 
Wilson Technical Sales Inc. 
597 Industrial Drive 

(317) 844-5977 


IOWA, Cedar Rapids (52402) 
Technical Reps Inc. 

1930 St. Andrews Dr. N.E. 
(319)393-1300 

Twx: 910-525-1351 


KANSAS, Wichita (67206) 
Technical Reps Inc. 

360 No. Rock Rd., #4 
(316)681-0242 


MARYLAND, Baltimore (21208) 
Pro Rep 

107 Sudbrook Lane 
(301)653-3600 

Twx: 710-862-0862 


MASSACHUSETTS, Reading (01867) 
Kanan Associates 

270 Main Street 

(617)944-8484 

Twx: 710-393-6552 


MICHIGAN, Brighton (48116) 
A.P.J. Associates 

P.0. Box 777 

9880 E. Grand River Ave. 
(313)229-6550 

Twx: 810-242-1510 


MINNESOTA, Burnsville (55337) 
Electromec Sales Inc. 

101 W. Burnsville Pkwy. 

(612) 894-8200 

Twx: 910-576-0232 


MISSOURI, Earth City (63045) 
Technical Reps Inc. 

502 Earth City Plaza, #201 
(314)291-0001 

Twx: 910-762-0685 


MISSOURI, Kansas City (64111) 
Technical Reps Inc. 

406 W. 34th, #616 VFW Bldg. 
(816) 756-3575 

Twx: 910-749-6412 


NEBRASKA, Lincoln (68507) 
Technical Reps Inc. 

2332 No. Cotner, Suite D-12 
(402) 466-3488 


NEW JERSEY, Marlton (08053) 
B.G.R. Associates 

3001 Greentree Exec. Campus 
(609)428-2440 

Twx: 510-665-5685 


NEW JERSEY, Teaneck (07666) 
R.T. Reid Associates 

705 Cedar Lane 

(201)692-0200 

Twx: 710-990-5086 


NEW YORK, Endwell (13760) 
Tri-Tech Electronics 

3215 E. Main St. 
(607)754-1094 

Twx: 510-252-0891 


NEW YORK, Fairport (14450) 
Tri-Tech Electronics 

590 Perinton Hills Office Park 
(716)223-5720 

Twx: 510-253-6356 


NEW YORK, Fayetteville (13066) 
Tri-Tech Electronics 

6836 E. Genesee St. 
(315)446-2881 

Twx: 710-541-0604 


NEW YORK, Poughkeepsie (12603) 
Tri-Tech Electronics 

19 Davis Ave. 

(914)473-3880 


NORTH CAROLINA, Cary (27511) 
Montgomery Marketing 

P.O. B. 520 (1391 N. Harrison Ave.) 
(919)467-6319 

Twx: 510-920-0634 


OHIO, Cleveland (44143) 
Arthur H. Baier Company 
67 Alpha Park 
(216)461-6161 

Twx: 810-427-9278 


OHIO, Dayton (45414) 
Arthur H. Baier Company 
4940 Profit Way 
(513)276-4128 


OREGON, Beaverton (97005) 
Blair Hirsh Co., Inc. 

9645 S.W. Beaverton Hwy. 
(503)641-1875 


TENNESSEE, Jefferson City (37760) 
Rep Inc. 

P.0. B. 287 (113 So. Branner Ave.) 
(615)475-4105 

Twx: 810-570-4203 


TEXAS, Austin (78753) 
Electronics Marketing Assoc. 
607A Deen Avenue 
(512)837-0893 


Siliconix 


TEXAS, Grapevine (76051) 
Electronics Marketing Assoc. 
P.0. Box 487 

(403 E. Wall) 

(817)481-7502 or 7503 


TEXAS, Houston (77042) 
Electronics Marketing Assoc. 
P.0. Box 42388 

11450 Dissonnet, #309 
(713)498-8120 


VIRGINIA, Charlottesville (22901) 
Pro Rep 

1616 Inglewood Dr. 

(804)997-0031 

Twx: 710-236-9011 


WASHINGTON, Seattle (98107) 
Blair Hirsh Co., Inc. 

4013 Leary Way NW 
(206)783-3423 


WISCONSIN, Milwaukee (53227) 
JM Sales 

9431 W. Beloit Rd., #119 
(414)546-0040 

Twx: 910-651-5977 


CANADA 


ONTARIO, Etobicoke (M9C 1E7) 
R.F.Q. Ltd. 

385 The West Mall, Suite 251 
(416)626-1445 

Twx: 610-492-2540 


ONTARIO, Ottawa (K2B 7E9) 
R.F.Q. Ltd. 

2249 Carling Ave., #204 
(613)820-8445 or 820-8446 


U.S. CHIP 
DISTRIBUTORS 


FLORIDA, Orlando (32807) 
Chip Supply Inc. 

1607 Forsyth Road 
(305)275-3810 

Twx: 810-850-0103 


PENNSYLVANIA, Malvern (19335) 
Hybrid Die Technology 

111 Great Valley Pkway. 
(215)296-5905 

Twx: 510-668-6123 
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ALABAMA, Huntsville (35805) 
Hamilton/Avnet 

4692 Commercial Drive 
(205)837-7210 

Twx: 810-726-2162 


ALABAMA, Huntsville (35805) 
Pioneer/Huntsville 

1207 Putman Dr. NW 
(205)837-9300 

Twx: 810-726-2197 


ARIZONA, Scottsdale (85253) 
Components Plus 

7500 E. Butherus, Ste. T 
(602)991-6510 

Twx: 910-950-1184 


ARIZONA, Tempe (85281) 
Hamilton/Avnet 

505 South Madison Dr. 
(602)894-9600 

Twx: 910-950-0077 


CALIFORNIA, Costa Mesa (92626) 
Avnet Elec. 

350 McCormick Ave. 
(714)754-6111 

Twx: 910-595-1928 


CALIFORNIA, Costa Mesa (92626) 
Hamilton Electro Sales 

3170 Pullman St. 

(714)641-4100 

Twx: 910-595-2638 


CALIFORNIA, Culver City (90230) 
Hamilton Electro Sales 

10912 W. Washington BI. 
(213)558-2121 or (714)522-8200 
Twx: 910-340-6364 


CALIFORNIA, Irvine (92714) 
Components Plus 

17811 Skypark Circle 
(714)754-0471 

Twx: 910-595-2554 


CALIFORNIA, San Diego (92121) 
Anthem Electronics, Inc. 

4125 Sorrento Valley Blvd. 
(714)453-9005 

Twx: 910-335-1515 


CALIFORNIA, San Diego (92123) 
Hamilton/Avnet 

4545 Viewridge Ave. 
(714)571-5710 

Twx: 910-335-1216 


CALIFORNIA, Santa Clara (95052) 
Wyle Distribution Group 

3000 Bowers Ave. 

(408)727-2500 

Twx: 910-379-6480 


CALIFORNIA, Sunnyvale (94086) 
Bell Industries 

1161 No. Fairoaks Ave. 
(408)734-8570 

Twx: 910-339-9378 


CALIFORNIA, Sunnyvale (94086) 
Components Plus 

491 Macara Ave., Ste. 1006 

(408) 732-0990 


CALIFORNIA, Sunnyvale (94086) 
Hamilton/Avnet 

1175 Bordeaux 

(408)743-3355 

Twx: 910-339-9332 
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U.S. Distributors 


CALIFORNIA, Tustin (92680) 
Anthem Electronics, Inc. 
2661 Dow Ave. 
(714)730-8000 

Twx: 910-595-1585 


COLORADO, Englewood (80111) 
Hamilton/Avnet 

8765 E. Orchard Rd., Suite 708 
(303)740-1000 

Twx: 910-931-0510 


COLORADO, Thornton (80241) 
Wyle Distribution Group 

451 E. 124th Ave. 
(303)457-9953 

Twx: 910-936-0770 


COLORADO, Wheatridge (80033) 
Bell Industries 

8155 W. 48th Ave. 

(303)424-1985 

Twx: 910-938-0393 


CONNECTICUT, Danbury (06810) 
Hamilton/ Avnet 

Commerce Drive, Commerce Park 
(203) 797-2800 

Twx: 710-460-0594 


CONNECTICUT, Wallingford (06492) 
Mashall Industries 

Village Lane 

Barnes Industrial Park 

(203)265-3822 

Twx: 710-465-0747 


FLORIDA, Ft. Lauderdale (33309) 
Hamilton/Avnet 

6801 N.W. 15th Way 
(305)971-2900 

Twx: 510-995-3097 


FLORIDA, Orlando (32809) 

Pioneer Elec. 

6220 S. Orange Blossom Trail, Ste. 412 
(305)859-3600 

Twx: 810-850-0177 


FLORIDA, St. Petersburg (33702) 
Hamilton/Avnet 

3197 Tech Drive No. 
(813)576-3930 

Twx: 810-863-0374 


GEORGIA, Norcross (30092) 
Hamilton/Avnet 

5825 Peachtree Corners E-D 
(404)447-7500 

Twx: 810-766-0432 


GEORGIA, Norcross (30093) 
Marshall Industries 

4364B Shakelford Rd. 
(404)923-5750 


ILLINOIS, Chicago (60645) 
Bell Industries 

3422 W. Touhy Ave. 
(312)982-9210 

Twx: 910-223-4519 


ILLINOIS, Elk Grove Village (60007) 
Pioneer/Chicago 

1551 Carmen Drive 

(312)437-9680 

Twx: 910-222-1834 


ILLINOIS, Schiller Park (60176) 
Hamilton/Avnet 

3901 N. 25th Ave. 

(312)678-6310 

Twx: 910-227-0060 


INDIANA, Carmel (46032) 
Hamilton/Avnet 

485 Gradle Drive 
(347)844-9333 

Twx: 810-260-3966 


INDIANA, Indianapolis (46250) 
Pioneer/Indiana 

6408 Castleplace Drive 
(317)849-7300 

Twx: 810-260-1794 


KANSAS, Merrian (66202) 
Components Plus 

8015 W. 63rd St., Ste. 1 
(913)236-8555 


KANSAS, Overland Park (66215) 
Hamilton/Avnet 

9219 Quivira Rd. 

(913)888-8900 

Twx: 910-743-0005 


MARYLAND, Baltimore (21227) 
Components Plus 

4805 Benson Ave. 
(301)247-3620(MD) 
(202)621-2590(DC & N. VA) 
(800)638-8878(S. VA) 


MARYLAND, Columbia (21045) 
Hamilton/Avnet 

6822 Oak Hall Lane 
(301)995-3500(MD) 
(301)621-5410(DC) 

Twx: 710-862-1861 


MARYLAND, Gaithersburg (20760) 
Pioneer/Washington 

9100 Gaither Rd. 

(301)948-0710 

Twx: 710-828-0545 


MARYLAND, Gaithersburg (20760) 
Marshall Industries 

16760 Oakmont Ave. 

(301)840-9450 

Twx: 710-828-0223 


MASSACHUSETTS, Burlington (01803) 
Milgray Electronics 

79 Terrace Hall Ave. 

(617)272-6800 

Twx: 510-225-3673 


MASSACHUSETTS, Burlington (01803) 
Marshall Industries 

1 Wilshire Rd. 

(617)272-8200 

Twx: 710-332-6359 


MASSACHUSETTS, Framingham (01701) 


Cadence 

14 Burr St. 
(617)879-3000 
Twx: 710-380-6908 


MASSACHUSETTS, Framingham (01701) 


Components Plus 
14 Burr St. 
(617)237-2503 


MASSACHUSETTS, Woburn (01801) 
Hamilton/Avnet 

50 Tower Office Park 

(617)953-9700 

Twx: 710-393-0382 


MICHIGAN, Grand Rapids (49508) 
Hamilton/Avnet 

2215-29th St. S.E. 

Space #85 

(616)243-8805 


Siliconix 


MICHIGAN, Livonia (48150) 
Hamilton/Avnet 

32487 Schoolcraft 
(313)522-4700 

Twx: 810-242-8775 


MICHIGAN, Livonia (48150) 
Pioneer/Michigan 

13485 Stamford 
(313)525-1800 

Twx: 810-242-3271 


MINNESOTA, Minneapolis (55435) 
Industrial Components 

5229 Edina Industrial Blvd. 
(612)831-2666 

Twx: 910-576-3153 


MINNESOTA, Minnetonka (55343) 
Hamilton/Avnet 

10300 Bren Rd. East 

(612)932-0600 

Twx: 910-576-2729 


MINNESOTA, Minnetonka (55343) 
Pioneer/Twin Cities 

10203 Bren Rd. East 

(612)935-5444 


MISSOURI, Earth City (63045) 
Hamilton/Avnet 

13743 Shoreline Ct. 
(314)344-1200 

Twx: 910-762-0606 


NEW JERSEY, Cherry Hill (08003) 
Hamilton/Avnet 

One Keystone Ave. 

(609)424-0100 

Twx: 710-940-0262 


NEW JERSEY, Clifton (07015) 
Marshall Industries 

1111 Paulison Ave. 
(201)340-1900 

Twx: 710-989-7052 


NEW JERSEY, Fairfield (07006) 
Hamilton/Avnet 

10 Industrial Rd. 

(201)575-3390 

Twx: 710-734-4388 


NEW JERSEY, Mt. Laurel (08057) 
Marshall Industries 

102 Gaither Dr., Unit 2 
(609)234-9100 NJ (215)627-1920 PA 
Twx: 710-941-1361 


NEW MEXICO, Albuquerque (87123) 
Alliance Electronics 

11030 Cochiti S.E. 

(505)293-3360 

Twx: 910-989-1151 


NEW MEXICO, Albuquerque (87123) 
Bell Industries 

11728 Linn NE 

(505)292-2700 

Twx: 910-989-0625 


NEW MEXICO, Albuquerque (87119) 
Hamilton/Avnet 

2524 Baylor Dr., SE 

(505)765-1500 

Twx: 910-989-0614 


NEW YORK, Buffalo (14202) 
Summit Distributors, Inc. 
916 Main Street 
(716)887-2800 

Twx: 710-522-1692 


U.S. Distributors (Continued) 


NEW YORK, East Syracuse (13057) 
Hamilton/Avnet 

1600 Corporate Circle 
(315)437-2642 

Twx: 710-541-1560 


NEW YORK, Endwell (13760) 
Marshall Industries 

10 Hooper Rd. 

(607)754-1570 

Twx: 510-252-0194 


NEW YORK, Freeport (11520) 
Milgray Electronics, Inc. 

191 Hanse Ave. 

(510)225-3673 

Twx: 516-546-5600 


NEW YORK, Hauppauge (11787) 
Cadence 

40-4 Oser Ave. 

(516)231-6722 


NEW YORK, Hauppauge (11787) 
Components Plus 

40 Oser Ave. 

(516)231-9200 

Twx: 510-227-9869 


NEW YORK, Hauppauge (11787) 
Hamilton/Avnet 

5 Hub Drive 

(516)454-6000 

Twx: 510-224-6166 


NEW YORK, Port Chester (10573) 
Zeus Components, Inc. 

100 Midland Ave. 

(914)937-7400 

Twx: 710-567-1248 


NEW YORK, Rochester (14623) 
Hamilton/Avnet 

333 Metro Park 

(716)475-9130 

Twx: 510-253-5470 


European 


AUSTRIA 

Ing. Ernst Steiner 
Hummelgasse 14 
A-1130 Vienna 
Tel: 0222/827474 
Tix: 135026 


BELGIUM 

Ritro Electronics BV 

172 Plantin en Moretuslei 
B-2000 Antwerpen-B 

Tel: 031-353272 

TIx: 33637 


CYPRUS 

Eltrom/Poly Electronics 
P.O. Box 5393 

Nicosia 

Tel: 21 61088 

TIx: Tronics Cy 3529 


DENMARK 

Ditz Schweitzer A.S. 
Vallensbaekvel 41 
Dk-2600 Glostrup 
Tel: (01)45-30-44 
TIx: 33257 


FINLAND 

Oy Findip AB 
Teollisuustie 7. P.0.B. 34 
SF 07200 Kauniainen 
Tel: 358-0-5052255 

TIx: 12-3129 


NEW YORK, Rochester (14623) 
Marshall Industries 

1260 Scottsville Rd. 
(716)235-7620 } 

Twx: 510-253-5470 


NORTH CAROLINA, Greensboro (27406) 


Pioneer/NC 

103 Industrial Ave. 
(919)273-4441 
Twx: 510-925-1114 


NORTH CAROLINA, Raleigh (27609) 
Hamilton/Avnet 

2803 Industrial Dr. 

(919)829-8030 

Twx: 510-928-1836 


OHIO, Cleveland (44105) 
Pioneer/Cleveland 

4800 E. 131st Street 
(216)587-3600 

Twx: 810-422-2210 


OHIO, Dayton (45459) 
Hamilton/Avnet 

954 Senate Dr. 
(513)433-0610 

Twx: 810-450-2531 


OHIO, Dayton (45424) 
Pioneer/Dayton 

4433 Interpoint Blvd. 
(513)236-9900 

Twx: 810-459-1622 


OHIO, Warrensville Heights (44128) 
Hamilton/Avnet 

4588 Emery Industrial Parkway 
(216)831-3500 

Twx: 810-427-9452 


OKLAHOMA, Tulsa (74129) 
Quality Components 

9934 E. 21st St. South 
(918)664-8812 


OREGON, Lake Oswego (97034) 
Hamilton/Avnet 

6024 SW Jean Road, Bldg. C, Ste. 10 
(503)635-8836 

Twx: 910-455-8179 


PENNSYLVANIA, Horsham (19044) 
Pioneer Elec. 

261 Gibraltar Rd. 

(215)674-4000 

Twx: 510-665-6778 


PENNSYLVANIA, Pittsburgh (15238) 
Pioneer/Pittsburgh 

259 Kappa Dr. 

(412)782-2300 

Twx: 710-795-3122 


TEXAS, Addison (75001) 
Quality Components 
4257 Kellway Circle 
(214)387-4949 

Twx: 910-860-5459 


TEXAS, Austin (78758) 
Hamilton/Avnet 

2401 Rutland Dr. 
(512)837-8911 

Twx: 910-874-1319 


TEXAS, Austin (78758) 
Quality Components 
2427 Rutland Drive 
(512)835-0220 

Twx: 910-874-1377 


TEXAS, Dallas (75243) 
Components Plus 

13777 No. Central Expwy., Suite 502 
(214)783-6060 

Twx: 910-867-9414 


TEXAS, Houston (77063) 
Hamilton/Avnet 

8750 Westpark 
(713)780-1771 

Twx: 910-881-5523 


TEXAS, Houston (77036) 
Quality Components 
6126 Westline 
(713)772-7100 


TEXAS, Irving (75062) 
Hamilton/Avnet 

2111 W. Walnut Hill Lane 
(214)659-4151 

Twx: 910-860-5929 


UTAH, Salt Lake City (84120) 
Bell Industries 

3639 West 2150 South 
(801)972-6969 

Twx: 910-925-5686 


UTAH, Salt Lake City (84119) 
1585 West 2100 South 
(801)972-2800 

Twx: 910-925-4018 


WASHINGTON, Bellevue (98005) 
Hamilton/Avnet 

14212 NE 21st St. 

(206)453-5844 

Twx: 910-443-2469 


WASHINGTON, Bellevue (98005) 
Wyle Distribution Group 

1750 - 132nd Ave. NE 
(206)453-8300 

Twx: 910-443-2526 


WISCONSIN, Milwaukee (53214) 
Marsh Electronics, Inc. 

1563 So. 101st St. 

(414)475-6000 

Twx: 910-262-3321 


WISCONSIN, New Berlin (53151) 
Hamilton/Avnet 

2975 Moorland Rd. 

(414) 784-4510 

Twx: 910-262-1182 


Distributors/Representatives 


FRANCE 

Almex 

48 Rue de L’Aubepine 
92164 Antony Cedex 
Tel: 377-07-87 

Tix: 250067 


Alrodis 

40 Rue Villon 
69008 Lyon 

Tel: (78)00.87.12 
TIx: 380636 


Aquitaine Composants 
Avenue Gustave Eiffel 
B.P. 81 

33605 Pessac Cedex 
Tel: (56)36.40.40 

TIx: 550696F 


Aquitaine Composants 
55 Avenue Louis Breguet 
31400 Toulouse 

Tel: (61)20.82.38 


Aquitaine Composants 
183 Route de Paris 
86000 Poitiers 

Tel: (49) 88.60.50 

TIx: 791525F 


A. Baltzinger 

18-26 Route du Gal de Gaulle 
B.P. 63 

67042 Strausbourg Cedex 
Tel: (88)331852 

TIx: 870952F 


Quest Components 

57 Rue Mannoir de Servigne 
Z1, Route de Lorient 

B.P. 3209 

35013 Rennes Cedex 

Tel: (99)54.01.53 

Tix: 740311 


Sanelec Electronique 

7 Rue de la Couture 

Z1, de la Pilaterie 

59700 Marcq-en-Baroeuil 
Tel: (20)98-92-13 

TIx: 160 143F 


SCAIB 

80 Rue d’Arcueil 
94523 Rungis Cedex 
Tel: 687-23-13 

TIx: 204 674F 


GERMANY 
Ditronic GmbH 
IM Assemwald 48 
7000 Stuttgart 70 
Tel: (0711)724844 
TIx: 07-255638 


Ing. Buro K.H. Dreyer 
Flensburger Strasse 3 
2380 Schleswig 

Tel: (04621)24055 

TIx: 02-21334 


Siliconix 


Ing. Buro K.H. Dreyer 
Albert Schweitzer - Ring 36 


2000 Hamburg 70 
Tel: (040)669027 
TIx: 2164484 


EBV Elektronik GmbH 
Oberweg 6 

D-8025 Unterhaching 
Tel: 089-61105-1 

TIx: 05-24535 


EBV Elektronik GmbH 
Alexanderstrasse 42 
7000 Stuttgart 1 

Tel: (0711)247481 

TIx: 07-22271 


EBV Elektronik GmbH 
Ostrasse 129 

4000 Dusseldorf 

Tel: (0211)84846/7 
TIx: 08-587267 


EBV Elektronik GmbH 
Kiebitzrain 18 

3006 Burgwedel 1/Hannover 
Tel: (05139)5038 

TIx: 09-23694 


EBV Elektronik GmbH 
Myliusstrasse 54 
6000 Frankfurt 1 

Tel: 0611/7204 16/7 
TIx: 04-13590 
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Sales Offices 


European Distributors/Representatives 
(Continued) 


Ing. Buro Rainer Konig 
Konigsberger Strasse 16A 
1000 Berlin 45 

Tel: 030 772 8009 

Tix: 184 707 


\V--electronic 

Klaus Vespermann Kg 
Bachstrasse 30a 

6380 Bad Homburg v.d.H. 
Tel: (06172)23061-5 

Tix: 0415864 


Ultratronik GmbH 
Munchner Strasse 6 
8031 Oberalting-Seefeld 
Tel: (08152)7774 

TIx: 05-26459 


GREECE 

General Electronics, Ltd. 
209 Thevon St. 

Nikala, Piraeus 77 

Tel: 361-8145 

TIx: 212949 GELT GR 


General Electronics Ltd. 
6 Skoufa St. 

Athens 136 

TIx: 219250 RETE GR 


HOLLAND 


Koningen Hartman Elektrotechniek BV 


P.O. Box 43220 

30 Koperwerf 

2504 A E The Hague,Netherlands 
Tel: 070-210101 

Tix: 31528 


ITALY 

Dott. Ing. Giuseppe DeMico 

Via Vittorio, Veneto 8 

20060 Cassina De Pecchi, Milano 
Tel: (02)9520551 

Tix: 330869 


NORWAY 

A. S. Kjell Bakke 

Postbox 143 

2010 Strommen, Nygaton 48 
Tel: (02)71 18 72-71 53 50 
TIx: 19407 


PORTUGAL 

Telectra S.A.R.L. 

Rua Rodrigo da Fonseca 103 
1000 Lisbon 

Tel: 686072 

Tix: 12598 


SOUTH AFRICA 
Electro Link, Ltd. 
P.O. Box 1020 
Capetown 8000 

Tel: 215-350 

TIx: 572-7320 


SPAIN 

Redis Logar SA 
Casanova 56 
Barcelona 11 
Tel: 2549048 


Redis Logar SA 
Lopez de Hoyos, 
78 DPDO, Madrid 2 
Tel: 4113561 

TIx: 23967 


SWEDEN 
Komponentbolaget NAXAB 
Box 4115 

S-17104 Solna 

Tel: 08.985140 

Tix: 17912 KOMP 


SWITZERLAND 
Kontron Electronic AG 
Bernerstrasse Sud 169 
8048 Zurich 

Tel: 01-62-82-82 

TIx: 58836 


UNITED KINGDOM 
Dage Eurosem Ltd. 
Rabans Lane 
Aylesbury 

Bucks HP19 3RG 

Tel: 0296-32881 

TIx: 83518 


Hartech Ltd., Smugglers Lane 
Bosham, Nr. Chichester, SUSSEX 
Tel: (0243)573164 

TIx: 86230 


Linburg Electronics Ltd. 
36-38 Dickson Street 
Elgin Industrial Estate 
Dunfermline KY 16 7SL 
SCOTLAND 

Tel: (0383)32231 

Tix: 72819 


Macro-Marketing Ltd. 
Burnham Lane, 
Slough, Berks 

Tel: (06286)4422 

TIx: 847945 


Semiconductor Specialists (UK) Ltd. 


Carrol House 

159 High Street 

West Drayton 
MIDDLESEX UB7 7XB 
Tel: (08954)45522/46415 
TIx: 21958 


Barlec Ltd. 

Foundry Road, Horsham 
WEST SUSSEX RH13 5PX 
Tel: 0403-51881 

TIx: 877222 


YUGOSLAVIA 
Belram S.A. 

83 Avenue des Mimosas 
1150 Brussels, Belgium 
Tel: 734.33.32 734.26.19 
TIx: 21790 


International and Canada 
Distributors and Sales Offices 


DISTRIBUTORS 
OF CANADA 


BRITISH COLUMBIA 
Burnaby (V5G 4J7)} 

RAE Industrial Elec. Ltd. 
3455 Gardner Court 
(604)291-8866 

TIx: 04-356533 

Twx: 610-929-3065 


ONTARIO, Mississauga (L4V 1R2) 
Hamilton/Avnet 

2845 Rexwood Dr. 

(416)677-7432 

Twx: 610-492-8867 


ONTARIO, Ottawa {K2C 3P2} 
Future Elec. 

Baxter Centre 

1050 Baxter Rd. 
(613)820-8313 


12-8 


ONTARIO, Nepean (K2E 7LS) 
Hamilton/Avnet 

2110 Colonade Road 
(613)226-1700 

TIx: 0534971 


ONTARIO, Downsview (M3H 588} 
Future Electronics 

4800 Dufferin St. 

(416)663-5563 


QUEBEC, Pointe Claire (49C 5C7) 
Future Elec. 

237 Hymus Blvd. 

(514)694-7710 

Twx: 610-421-3251 


QUEBEC, St. Laurent (H4S 1M2) 
Hamilton/Avnet 

2670 Sabourin St 

(514)331-6443 

Twx: 610-421-3731 


EUROPEAN 
SALES OFFICES 


FRANCE 

Siliconix $.A.R.L. 

70-72 Avenue du General de Gaulle 
Echat 660 

94022 Creteil Cedex 

Tel: 377.07.87 

TIx: Silconx 230389F 


WEST GERMANY 
Siliconix GmbH 
Postfach 1340 
Johannesstrasse 27 
D-7024 Filderstadt-1 
Tel: (0711)702066 
TIx: 7-255 553 


UNITED KINGDOM 
Siliconix Ltd. 
Brook House 
Northbrook Street 
Newbury, Berks 
RG13 1AH 

Tel: (0635)47609 
TIx: 849357 


Siliconix Ltd. 

Morriston, Swansea 
United Kingdom SA6 6NE 
Tel: (0792)74681 

TIx: 48197 


Siliconix 


FAR EAST 
SALES OFFICES 


HONG KONG 
Siliconix (H.K.) Ltd. 
5/6/7th Floors 

Liven House 

61-63 King Yip Street 
Kwun Tong, Kowloon 
Tel: 3-427151 

TIx: 44449SILXHX 


JAPAN 

Nippon Siliconix Incorporated 
1-1, Uchisaiwai-cho, 2-Chome 
Chiyoda-ku, Tokyo 100 

Tel: (03)506-4670 

Tix: J-23548 


TAIWAN 

Siliconix (Taiwan) Ltd. 

Nantze Export Processing Zone 
Kaohsiung 

Tel: 362010, 362019 

TIx: 785 712 35 


Other International 
Distributors/Representatives 


ARGENTINA 

EMSE Electronica S.A. 
Div. Semiconductores 
Ayacucho No. 311 
1025 Buenos Aires 
Tel: 40-2071 

TIx: 2-2185 FINCO-AR 


AUSTRALIA 

STC Cannon Components PTY. LTD. 
248 Wickham Road - P.O. Box 62 
Moorabbin, Victoria 3189 

Tel: Melbourne 555-1566 

TIx: Melbourne AA 30877 

Cable: CANNONLEC - MELBOURNE 


BRAZIL 

Comercio a Representacoes 

Rua da Consolacao, de Eletronicos Cosele Ltda 
867-Cj 22 

01310 Sao Paulo 

Tel: 230-1253 or 230-1496 

TIx: 1130869-CSEL-BR 


INDIA 

Zenith Electronics 

541 Panchratna 

Mama Parmanand Marg 
Bombay 400004 

Tel: 384214 

TIx: 011-3152 


Authorized U.S. Agent: 
Fegu Electronics Inc. 
3308 Middlefield Rd. 
Palo Alto, CA 94306 
Tel: (415)493-1788 

Tix: 345599 


ISRAEL 

Telsys Ltd. 

12, Kehilat Venetsia St. 
Tel Aviv 

Tel: 482126-7-8 

TIx: 032392 


JAPAN 


Teijin Advanced Products Corp. 


1-1 Uchisaiwai-cho, 2-Chome 
Chiyoda-Ku, Tokyo, 100 

Tel: (03)506-4670 

TIx: J-23548 


KOREA 

Yeonil & Co. Ltd. 

498-5, Dapsipri-Dong 
Dongdaemoon-Ku 

Seoul 

Tel: 967-0475 or 968-6745 
TIx: K24123 


LATIN AMERICA 

Intectra Inc. 

2629 Terminal Blvd. 

Mt. View, CA 94043 

Tel: (415)967-8818 

TIx: 345545 Intectra MNTV 
Cable: INTECTRA 


MALAYSIA 

Carter Semiconductor 
(M.) SDN. Berhad 

Jalan Lapangan Terbang 
Ipoh 

Tel: 513400 

TIx: MA44050 

Cable: CARXISTOR IPOH 
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MEXICO 

Mexel 

Tlacoquemecatl No. 139-401 
Mexico 12, D.F. 

Tel: 575-78-68, y 575-79-24 
Tix: MEXEL 017 71823 


NEW ZEALAND 
S.T.C. Auckland 

10 Margot St. 
Epsom, Auckland 3 
Tel: 500-019 

TIx: NZ21888 


PHILIPPINES 

Alexan Commercial 
812 El Cano St. 

P.0. Box 4459, Manila 
Tel: 405923 

TIx: 27484 


SINGAPORE & MALAYSIA 
Carter Semiconductor PTE. Ltd. 
807, 8th Floor Front Block 
Orchard Road, Orchard Towers 
Tel: 235 6653 

TIx: RS 36443 


SOUTH AFRICA 
Electro Link (Pty) Ltd. 
P.0. Box 1020 
Capetown 8000 

Tel: 215350 

TIx: 57-27320 


TAIWAN 

Don Business Corp. 3 FL 
354 Chang Chung Rd. 
Taipei 

Tel: 571-2911 

TIx: 25641 DONBC 
Cable: “DONBC” TAIPEI 


VENEZUELA 

P. Benavides SRL 
Avilanas a Rio 

Edificio Rio Caribe, Local 9 
La Candelaria 

Apartado #20249 

San Martin, Caracas 

Tel: 52 92 97 

TIx: 21801 PBTH 


Manufacturing Facilities 


UNITED KINGDOM 

Siliconix Ltd. 

Morriston SWANSEA SA6 6NE 
Tel: (0792)74681 

TIx: 48197 


UNITED STATES 
Siliconix Incorporated 
2201 Laurelwood Rd. 
Santa Clara, CA 95054 
Tel: (408)988-8000 
Twx: 910-338-0227 


HONG KONG 
Siliconix (HK) Ltd. 
5/6/7th Floors 

Liven House 

61-63, King Yip Street 
Kwun Tong, Kowloon 
Tel: 3-427151 

TIx: 44449 SILXHX 


Siliconix 


TAIWAN 

Siliconix (Taiwan) Ltd. 

Nantze Export Processing Zone 
Kaohsiung 

Tel: 362010, 362019 

TIx: 78571235 


VENEZUELA 

P. Benavides SRL 
Avilanas a Rio 

Edificio Rio Caribe, Local 9 
La Candelaria 

Apartado #20249 

San Martin, Caracas 

Tel: 52 92 97 

TIx: 21801 PBTH 
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BUSINESS REPLY CARD 
FIRST CLASS PERMIT NO. 533 SANTA CLARA, CA 95054 


POSTAGE WILL BE PAID BY ADDRESSEE 


$ Siliconix 
P.O. Box 4777 
Santa Clara, CA 95054 


BS Siliconix 


‘incorporated 


2901 Laurelwood Road 
Santa Clara, CA 95054 
Tel: (408) 988-8000 

~ TWX: 910-338-0297 


